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SCOTCH PINE PROVENANCE TRIAL IN SOUTHEAST IOWA1 
G. E. Gatherum and K. F. Jensen 
Associate Professor and Former Research Assistant 
Department of Forestry, Iowa State University, Ames 
ABSTRACT . A n i n v e s t i g a t i o n o f s u r v i v a l , g r o w t h a n d d e -
velopment of eight provenances of Scotch pine {Pinus 
sylvestris L.) was established in southeast Iowa. Ap-
proximately 100 2-0 seedlings of each of eight seed 
origins were planted in April 1958 at a 6x7-foot spac-
ing in each of three replications. An evaluation of 
5 - ye a r - old seedling data has sh own high s u r viva l of 
all provenances, good height growth of the central 
European seed sources, 47° to 50°N Latitude, and high-
e s t q u a l i t y C h r i s t m a s t r e e s f r o· m t h e S p a i n s o u r c e o n 
Weller silt Loam, Lin -dley Loam and Colo-Gravity-Olmitz 
complex. Because of the preponderance of crooked 
stems from the central European sources, caution is 
urged in selecting these sources for timber trees. 
Moreover, freezing injury to the Spain source at the 
Ames nursery prior to outplanting in southeast Iowa 
and the Low first-year survival in northeast Iowa must 
be considered further before this source can be con-
fidently recommended for Christmas tree production. 
The problems of selecting the proper tree species or variants within 
species for a specific planting site in Iowa are acute because of the di-
versities of climate, soil and topography and the frequent use of intro-
duced species {Kepler and Gatherum 1964). Guides for selecting trees 
to plant for timber, wind-barriers, erosion control and wildlife cover 
have been established from Limited studies and observations {Iowa State 
College 195 7), but to improve planting recommendations, more accurate 
information is needed on the adaptability to specific sites of species and 
variants within species. 
Scotch pine {Pinus sylvestris L.) has shown promise as a forest tree 
in species adaptation studies in Iowa. Total yields at age 40 were con-
siderab Ly greater than those of native upland hardwoods and were com-
parable to the yields of eastern white pine {P. strobus L. ), red pine {P. 
resinosa Ait.) and jack pine {!:. banksiana Lamb.) on the same site a~d 
soil type {Jensen and Gatherum 1964a). Moreover, Scotch pine's toler-
ance of calcareous soils and resistance to drought make the use of this 
species desirable on many sites and soil types in Iowa. Conversely, 
1 Journal Paper No.J-4715 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1456. 
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poor bole form and early-winter yellowing of foliage of most of the seed 
sources of Scotch pine previously planted in Iowa have reduced appre-
ciably the value of this species as a timber and Christmas tree. 
Wide variation in vigor, growth rate, tree form and foliage color 
throughout the natura L range of Scotch pine has been well documented 
(Baldwin 1954, Wood 1949, Wright and Baldwin 1957, and Wright and 
Santamour 1959). Consequently, field, greenhouse and Laboratory prove-
nance tests have been established to aid in the selection of suitable vari-
ants within Scotch pine for planting in Iowa. 
To help identify· and eva luate this within-species variation, an eight 
seed-source field investigation was established in southeast Iowa in L958. 
The primary objective of this study was to determine the magnitude of 
the variation in height, survival, fall-winter foliage color, crown shape 
and foliage density among these eight seed sources of Scotch pine. This 
information should help to improve recommendations for future planting 
she selection for Scotch pine and its variants in southeast Iowa and aid 
in identifying satisfactory parent material for future breeding and hy-
bridization studies. 
MATERIALS AND METHODS 
The origin of the eight seed sources ranged in Europe from 41 ° to 
60°N Latitude, 4°W to 23°E Longitude and 0 to 1, 500 meters altitude 
(Figure 1). 
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Figure 1. Origin of Scotch pine s eed sources used in study. 
The study was conducted at Areas A and C of the Soap Creek Experi-
mental Forest, Davis and Appanoose Counties. The study areas are 
Located at 41°N Latitude, 92°W Longitude and 200 to 300 meters altitude. 
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The general area is a distinct upland plain about 300 meters above 
sea Level (Larsen and Dilworth 1939). Dissection of this plain by drain-
age has resulted in a pattern of slopes, terraces, ridges and bottoms of 
variable widths. Level Land is restricted to flood plains and relatively 
narrow ridges. Weller silt Loam, a soil formed from Wisconsin Loess 
under forest vegetation, is the primary soil type on the narrow ridges; 
Lindley Loam, a soil formed from Kansan glacial till under forest vege-
tation, is the primary soil type on the steeper slopes; and the Colo-
Gravity-OLmitz alluvial complex is the primary soil complex along up-
land streams and drainageways (Dietz and Hidlebaugh 1962). 
The investigation was established on three different sites; replication 
1 was Located along an upland drainageway with an east aspect and a 
slope of 2%, replication 2 on a ridge with a south aspect and a slope of 
9%, and replication 3 on a 40% slope with a N70°W aspect. Competing 
vegetation consisted primarily of hickory sprouts (Carya ~· Nutt.), 
Kentucky bluegrass (Poa pratensis L. ), common ragweed (Ambrosia 
artemisiifolia L.), common milkweed (Asclepias syriaca L.) and Canada 
thistle (Cirsium arvense L. ). The areas are surrounded by a mixed 
hardwood forest type of hickories (Car~~· Nutt.), oaks (Quercus ~· 
L.) and basswood (Tilia americana L.). 
Climatic conditions are d~scribed as moist subhumid with a moisture 
index of 30 {Thornthwaite 1948). The Long-time average annual precipi-
tation is 33.4 inches. The Long-time average yearly maximum, minimum 
and mean temperatures are 63. 5°F, 40. 6°F and 52. l °F. The Length of 
the growing season is approximately 160 days. Photoperiod ranges from 
15 hours on June 21 to 9 hours on December 21. 
This study was e stab Li shed as a randomized block design according 
to Cochran and Cox (195 7). A pproximately 100 2-0 seedlings of each of 
eight seed sources of Scotch pine were planted in April l958 at a 6x7-foot 
spacing in each of three replications. Mortality Loss was replaced in 
April 1959. Five-year survival and height growth were obtained in 
August 1962, and relative fall-winter foliage color, crown shape and 
foliage density we re obtained in Late November 1962. 
RESULTS 
Survival among the eight provenances varied from 81 to 90% (Table L), 
but the differences were not significant at the 5% probability level (Table 
2). 
Height growth differences among the seed sources ranged from O. 0 
to 2. 3 feet (Table 1), and several of these differences were significant 
at the 1% probability Level (Tables 1 and 2). At the 5% Level, height 
growth of the west central Germany source was greater than height 
growth of north central Germany, central Spain and southern Finland 
sources; and height growth of central Spain and southern Finland sources 
was Lower than the growth of all other provenances. 
Five-year height growth of individual seedlings ranged from 1. 5 feet, 
southern Finland, to 10.1 feet, west central Germany (Figures 2 and 3). 
Height growth appeared re Lated to Latitudinal origin of seed source. 
Greatest height growth was attained by the central European provenances 
and the Least height growth by the northern and southern European 
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Tab le 1. Average 5-year provenance survival in percent and height 
growth in feet. 
Height 
Provenance SurvivaL1 growth1 
W. centra L Ge rn:iany (81) 89 6.0 
E. central Germany {80) 90 5. 7 
Northern Austria (83) 85 5.2 
5% 1% 5% 
Northeast Austria {76) 82 5.1 
Czechoslovakia (102) 81 5.1 
N. central Germany {78) 83 4.9 
Central Spain (75) 87 3.8 
Southern Finland (77) 81 3. 7 
Means grouped by a Line do not differ at the designated probability 
level (Duncan 1955). 
Table 2 . Analysis of varianc e of average 5-year provenance survival 
and height growth. 
Source 
Height growth 
SS 
MS 
F 
Survival 
SS 
MS 
F 
d£ 
Total 
23 
18. 40 
976 
Replication 
2 
0.48 
0.24 
466 
233 
**Significant at 1% probability Level. 
Provenance 
7 
14.73 
2. 10 
9.13** 
189 
27 
1. 1 7 
Error 
14 
3. 19 
0.23 
321 
23 
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Figure 2. Five-year height growth of 8. 0 feet was attained by an indivi-
dual seedling o f the west central Germany source. Average 
5-year height g rowth for this provenance was 6. 0 feet. 
Figure 3. Five-year height growth of 1. 5 feet was attained by an indivi-
dual seedling of the Finland source. Average 5-year height 
growth for this provenance was 3. 7 feet. 
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sources. Similar relationships were obtained by Jensen and Gatherum 
(1964b), Lines and Aldhous (1957) and Wright and Baldwin (1957). 
Relative fall-winter foliage color, based on Munsell color charts 
(1952), ranged from greenish green-ye Llow, 7. 5 GY 5/4, for central 
Spain to yellow, 5. 0 Y 6/ 6, for southern Finland (Table 3). Highest 
quality Christmas trees, with flaring-taper shape (Bell 1958) and dense, 
compact foliage, were produced from the central Spain seed source 
(Figure 4). 
Table 3. Re Lative fall-winter provenance foliage colorl, 5 years after 
planting. 
Provenance Quantitative color 
Central Spain (75) 7.5 GY 5/ 4 
W. central Germany (81) 2.5 GY 5/4 
E. central Germany (80) 2.5 GY 5/4 
Northern Austria (83) 2.5 GY 5 / 4 
Northeast Austria (76) 2.5 GY 6/6 
Czechos Lovakia (102) 2.5 GY 6/6 
N. central Germany (78) 2.5 GY 6/ 6 
Southern Finland (77) 5. 0 y 6/ 6 
1 Taken from Munsell color charts (1952). 
DISCUSSION 
Qualitative color 
Greenish green-yellow 
Ye Llowish green-yellow 
Yellowish green-yellow 
Yellowish green-ye Llow 
Ye Llowish green-yellow 
Yellowish green-yellow 
Yellowish green-yellow 
Yellow 
Relatively high average 5-year survival of all sources precludes 
the use of survival as a basis for selecting from among the eight seed 
sources for planting in southeast Iowa. Differences in average 5-year 
height growth, fall-winter foliage color, crown shape and foliage density 
have provided the best basis for selection, at Least for the first 5 years. 
Among provenances studied, the central European sources, 47° to 
50 °N Latitude, grew most rapidly in southeast Iowa and appear best ·suited 
for timber tree selection. Unfortunately, differences in bole form are 
not discernible at the end of 5 years; therefore, caution must be exer-
cised in the selection of any one of the aforementioned seed sources. 
McComb*, Wood (1949) and Wright and Baldwin (1957) have reported that 
the seed sources from central Europe appear to have a greater number 
of crooked boles than the seed sources from the more northern areas. 
Differences in bole form among these seed sources will be reported at 
Later stages in the deve Lopment of the stand. 
Selection of seed sources for Christmas tree production apparently is 
Limited to the seed source from central Spain. The green fall-winter 
foliage, flaring-taper crown shape and dense, compact foliage of this 
source was superior to all other sources investigated. Although survival 
*McComb, A.L., Ames, Iowa. 1963. Data from species adaptation 
studies. Private communication. 
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Figure 4. Seed source from central Spain showed greatest potential for 
Christmas tree production. Note the flaring-taper shape and 
compact , dense foliage. Moreover, the relative fall-winter 
foliage color was considerably greener than the color of all 
other provenanc e s (Table 3). 
was relatively high, freezing injury at the Ames nursery prior t o out-
planting in southeast Iowa and Low first-year survival in northe a s t Iowa 
(Jensen and Gatherum L964b) must be considered further before this seed 
source can be confidently recommended for Christmas tree production. 
The slow height growth of the Spain source may be re Lated to a g e notype 
for s Low growth, to the introduction of a seed source from a high altitude 
in Spain to a Low altitude at approximately the same Latitude in Iowa, to 
freezing injury at the Ames nursery or to any combination of the s e fac-
tors (Jen sen and Gatherum 1 964b). 
SUM1 ''\.RY 
An investigation of survival, growth and development of eight prove-
nances of Scotch pine was established in Davis and Appanoose Counties, 
Iowa. Approximately 100 2-0 seedlings of each of the eight seed o r i gins 
were planted in April 195 8 at a 6x7-foot spacing in each of three repli-
cations. The results were: 
1. Average 5-year survival was high, ranging from 81 to 90%, but 
differences among provenances were not significant at t h e 5% 
pro babi Lity Leve L. 
2. Average 5-year height growth ranged from 3. 7 to 6. 0 feet, and 
differences among some of the provenances were significant at 
the 1 % or 5% Leve L. 
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3. Average 5-year height growth of the seed sources from central 
Europe was greater than the growth of seed sources from north-
ern and southern Europe. 
4. Individual tree-height growth ranged from 1. 5 feet, southern 
Finland, to 10. l feet, west central Germany. 
5. Highest quality Christmas trees, with green fall-winter foliage, 
flaring-taper shape and dense, compact foliage, were produced 
from the central Spain seed source . 
An evaluation of 5-year-old seedling data has shown high survival 
of all provenances, good height growth of the central European seed 
sources, 47° to 50°N Latitude, and highest quality Christmas trees from 
the Spain source on Weller silt Loam, Lindley Loam and Colo-Gravity-
Olmitz complex in southeast Iowa. Because of the preponderance of 
crooked stems from the central European sources {McComb*, Wood L949 
a .nd Wright and Baldwin L957), caution is urged in selecting these sources 
for timber trees. Moreover, freezing injury to the Spain source at the 
Ames nursery prior to outplanting in southeast Iowa and the Low first-
year survival in northeast Iowa {Jensen and Gatherum l 964b) must be 
considered further before this source can be confidently recommended 
for Christmas tree production. 
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AERIAL STAND VOLUME TABLES FOR IOWA HARDWOODS1 
Le Land F. Hanks and George W. Thomson2 
ABSTRACT. This study was undertaken to determine 
whether aerial volume tab Les can estimate volume in 
Iowa's hardwood forests by using various combina t ions 
of independent variables. The cubic-foot volume tables 
presented here are based on 84 bottomland and 21 1 up-
land plots, respectively, and use photograph measure-
ments of crown diameter, percent crown coverage, and 
total tree height as independent variables. 
Multiple regression equations are derived for esti-
mating stand volume from photograph , measurements of 
crown diameter and percent crown coverage and either 
a ground estimate of the average number of 16-foot 
Logs in the mature trees or a photo estimate of t otal 
height. ALL equations have statistically significant 
multiple correlation coefficients. Standard errors of 
the estimate, however, are in excess of± 65%. 
INTRODUCTION 
With approximately 7% of Iowa covered by hardwood forests {Thornton 
and Morgan, 1959), there are many occasions when estimates of timber 
volume, made at Low cost, are helpful in determining management alter-
natives {Moessner, 1963). Such groups as wood-using industries con-
cerned with raw material supplies, government agencies concerned with 
agricultural problems and flood control, and farmers needing assistance 
in managing their woods can profit from Low-co st methods of estimating 
timber volume. For some fore st conditions aeria L volume tab Les, coupled 
with appropriate sampling procedures, provide such a method of volume 
estimation. 
The purpose of this study was to determine whether aerial vo Lume 
tables based on Iowa conditions are feasible by using various combina-
tions of independent variables. In so doing, we also wished to determine 
what stand characteristics, as measured on aerial photographs, were 
1 Journal Paper No. J-4723 of the Iowa Agricultura Land Home Economics 
Experiment Station, Ames, Iowa. Project No.1457. Part of a thesis 
submitted by the senior author in partia L fulfillment of the requirements 
for the MS degree at Iowa State University. Special thanks are due to 
the Central States Forest Experiment Station, U.S. Forest Service, for 
permission to use data collected in the 195 3 Fore st Survey. 
2 Graduate Assistant and Professor of Forestry, respectively, Forestry 
Department, Iowa State University. 
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most closely related to plot volumes and how reliable such estimates 
might be . 
Although the stands in Iowa are ecologically similar to those found in 
neighboring states, they may warrant a separate volume table if past 
management practices and the site conditions of this prairie-fore st 
transition zone have resulted in different stand composition, tree form, 
and merchantable height-total height ratios. Such differences would Lead 
to different relationships of stand volume to measurable characteristics 
of the forest. 
REVIEW OF PERTINENT LITERATURE 
According to Spurr (1954), the Germans were the first to recognize 
the feasibility of volume-per-acre estimates based on photographic 
measurements. During the period between 1923 and 1933, they developed 
the theory for determining heights by measurement of parallax {i.e., 
relative image distortion) and could thereby use height and tree crown 
diameter to construct volume tab Les. However, the photographic equip-
ment involved was too expensive for this method to be practical. 
In l934, H. E. Seely, a Canadian, measured tree heights from shadows 
on photos and made stand volume estimations by using height and stand 
density as independent variables {Seely, 1934). 
Examples of early aerial volume tables are those constructed and 
reported by Dahl {1954), Ferree {1953), Losee {1953), Moessner !:_t ~L. 
{1951), Nash {1948), Pope {1950), and Wodera {1948). More recent tables 
have been constructed by Allison {1955), Allison and B readon {1958), 
Avery {195 8), Avery and Meyer {1959), Avery and Myhre (1959), Gingrich 
and Meyer {1955), Meyer {l 96la), Meyer {1961 b ), Moessner {195 7), and 
Pope {1961). 
The preceding volume tables indicate that tree and stand volumes may 
be correlated to a high degree with site, forest type, total tree height, 
stand density, and crown diameter. 
The tables of Moessner !:_t ~L. {1961) were constructed for use in the 
Central States by the alinement chart method of solving problems in 
curvilinear multiple regression. These charts were Later adjusted for 
use in the Rocky Mountains {Moessner, 1957). Most recent aerial vol-
ume tables have been constructed by multiple regression analysis using 
various models which incorporate combinations of stand characteristics 
measurable on photographs {Pope, 1962). 
PROCEDURE FOR AERIAL VOLUME TABLE CONSTRUCTION 
Data for this study were collected during the Forest Survey in Iowa 
in 1953 {Thornton and Morgan, 1959). The photographs were taken in 
1953 at a nominal scale of 1 :20, 000. 
Our initial step was to determine which independent variables, meas-
ured on the photographs, were most closely related to the dependent 
variable, plot volume as measured on the ground. The following defini-
tions apply to the variables used in this study. 
AERIAL STAND VOLUME TABLES 417 
Dependent variable 
Volume-Inside bark volume, in cubic feet, from a 
variable top diameter of not Less than 4 inches. 
than 4 inches, dbh, are included except those 
inches, dbh, with a bole Less than 8 feet Long. 
1-foot stump to a 
ALL trees greater 
greater than 11 
Independent variables. 
Log site-Potential numb er of 16-foot Long merchantab Le Logs found 
in the mature trees measured on or near the plot. 
Height-Average total height, in feet, of the dominant stand measured 
on the photos. Three dominant trees are measured. 
Percent crown coverage-Average crown coverage, in percent, of the 
over story measured on the photos. 
Crown diameter-Average crown diameter, in feet, of the overstory 
measured on the photos. Three dominant trees are measured. 
Total tree height was measured in 5-foot classes with a parallax 
wedge {Spurr, 1945}. A dot-type crown-diameter scale {Jensen, 1948} 
was used to measure crown diameter to the nearest foot. A crown den-
sity scale {Moessner, 1949} estimated percent crown coverage in twelve 
classes, ranging from 2 to 95%. The measurements of these three vari-
ab Les were made on one-acre circular plots Laid out on aerial photo-
graphs. 
The initial step in obtaining the dependent variable was to estimate 
the cubic-foot volume per acre for each of 590 plots established on the 
ground. This was done by using the appropriate Girard Form Class 
tables of Me savage {194 7}. By applying ground measurements taken 
during the 1953 Forest Survey to these tables, plot volumes were deter-
mined and converted to a per-acre basis. The original Survey data also 
included an estimate of "Log site " for each plot. This is related to site 
quality. 
Because we expected different relationships between variables on up-
land and botto.mland Locations, volume tab Les were constructed for each 
position. Thus, topography was added as an independent variab Le. 
In the field, the plots had been classified into three topographic 
classes; 
Level upland-Level or gently rolling topography with Little or no 
drainage pattern evident. 
Rough upland-rugged topography, sharp drainage patterns, many 
ridges, ravines, and gullies. 
Bottomland-alluvial soil, stream beds over 120 feet wide, old 
river beds, coves, and bottoms. 
For this study, rough and Level upland plots were grouped into a single 
class. 
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By free-hand plotting of volume against several parameters measur-
able on the photographs, four preliminary mathematical models were 
written. A deliberate effort was made to design at Least one model that 
could be used by people not trained in height measurement using parallax 
devices; hence, the "Log site" variable was used as a replacement for 
total height in one model. 
For each of the four models, multiple regression equations were 
solved separately from data for 85 bottom land and 210 upland plots ran-
domly selected from the original 590 plots. 
The remaining 295 plots were used in solving final models; these were 
shortened versions of the original ones. This splitting of the plots was 
done to remove bias resulting from using the same plots to solve both 
preliminary and final mode Ls. Although this refinement has not been 
commonly employed in aerial volume table construction, it seems to the 
authors entirely appropriate. The presence of this refinement may ac-
count for the unusually high standard errors of estimate encountered in 
this study. 
F-tests indicated that three of the models were capable of reducing 
volume variation at the 5% probability Level for both upland and bottom-
Land conditions. The standard errors of the estimate at the means of the 
independent variables, however, we re in all cases greater than :I: 60% of 
the average plot volume. The multiple correlation coefficients (R) for 
the three preliminary models were approximately 0.40 and 0.50, re-
spectively, for the bottomland Land upland plots. 
RESULTS 
Two of the original models were shortened by eliminating the inde-
pendent variables that contributed Least to the precision of the estimated 
volume. New coefficients we re computed with data taken from 84 bot-
tomland plots and 211 upland plots. These plots had not been used in the 
preliminary equations, thus preventing any bias which might enter from 
reuse of data. The final estimating equations follow: 
Model I 
Bottomland-Volume (cubic feet per acre)= -714. 2 + 354. 2 (Log site) 
+ 10. 56 (crown coverage)+ 15. 29 (crown diameter). 
Standard error of estimate (at means): ± 663 cu. ft. per acre, or 
:I: 7 8. 0%. R = 0. 44. 
Upland-Volume (cubic feet per acre)= -518.4 + 312. 8 (Log site) 
+ 7.123 (crown coverage)+ 13.57 (crown diameter). 
Standard error of estimate (at means): ± 433 cu. ft. per acre, or 
± 65 • 7%. R = 0. 5 5 . 
Model II 
Bottomland-Volume (cubic feet per acre)= 83. 74 + 12. 29 (height) 
- 12.02 (crown coverage) - 16.89 (crown diameter)+ 0.3068 
(height x crown coverage). 
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Standard error of estimate (at means): :I: 650 cu. ft. per acre, 
or :I: 76. 5%. R = 0.48. 
Upland-Volume (cubic feet per acre) = -768. 6 + 19. 41 (height) 
+ 9. 687 (crown coverage) - 0. 5158 (crown diameter) - 0. 0330 
(height x crown coverage) 
Standard error of estimate (at means): :I: 445 cu. ft. per acre, 
or :I: 6 7. 5%. R = 0. 51. 
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Appropriate values were assigned to the variables in the preceding 
equations from Model II and aerial volume tables were formed. Tables 
1 and 2, respectively, give gross cubic volumes per acre for bottomland 
and upland hardwoods. Both tables utilize crown coverage, crown diam-
eter, and total height. As crown diameter has so small a regression 
coefficient and such Little effect on stand volume in Table 2, it is pos sib Le 
to abbreviate this table merely by using, for all upland hardwood stands, 
that segment in the 20-29 foot crown diameter classification. 
As a check of the utility of the final volume tables, the predicted 
volumes were compared with ground volumes of 25 plots not used in 
construction of the table. 
While individual differences between ground and table volumes are 
quite high, there is no statistically significant difference between the 
ground and predicted volumes. The Table 3 over-all averages of ground 
and predicted volumes for the 25 plots were compared by the method of 
paired observations as described by Ostle (1954). Computation of the 
aggregate and average errors shown in Table 3 are described by Chap-
man and Meyer (1949). 
Tab Le 4 indicates the differences in the amount of variation accounted 
for by the variables and suggests the comparative re Liability of each of 
the variab Les in the prediction equation. 
Table 5 shows the simple correlation coefficients and is included be-
cause of the biological implications as well as its provision of evidence 
for other mensurationists attempting to synthesize models for subse-
quent construction of other volume tables. 
DISCUSSION 
These volume tables are the first to be constructed specifically for 
Iowa conditions. There have been many reported successes in this facet 
of photogrammetry and mensuration. Several of these were cited earlier 
in this paper. It is difficult to understand why the tables reported herein 
have such Large errors of estimate in relation to other aerial volume 
tables such as these indicated below: 
Avery and Meyer (1959) 
Avery and Myrhe (1959) 
Gingrich and Meyer (1955) 
Moessner !:_t ~L. (1951) 
R 
0.83 
0.83 
0.85 
0.75 
Standard error 
of the estimate 
:I: 38% 
:I: 45% 
:I: 25% 
:I: 43% 
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Table 1. Gross cubic-foot volume per acre for stands of bottomland 
hardwoods in Iowa by height, percent crown coverage, and 
crown diameter. a 
Total 
height 
(ft) 
30 
40 
50 
60 
70 
80 
90 
40 
50 
60 
70 
80 
90 
100 
50 
60 
70 
80 
90 
100 
15 
240 
410 
580 
750 
915 
1085 
1255 
155 
325 
495 
665 
835 
1000 
11 70 
155 
325 
495 
665 
830 
1000 
Percent crown coverage 
35 55 75 
10 - 19 foot crown diameter 
185 
415 
645 
875 
1105 
1335 
1565 
130 
420 
710 
1005 
1295 
1585 
1880 
70 
425 
780 
1150 
1485 
1835 
2190 
20 - 2 9 foot crown diameter 
160 
395 
625 
855 
1085 
1315 
1545 
165 
460 
750 
1045 
1335 
1625 
1915 
170 
525 
880 
1230 
1585 
1940 
2290 
30 - 39 foot crown diameter 
225 
455 
685 
915 
1145 
1375 
290 
580 
875 
1165 
1455 
1 750 
355 
710 
1065 
1415 
1 770 
2120 
95 
15 
430 
845 
1260 
1675 
2090 
I 2505 
180 
595 
1005 
1420 
1835 
2250 
2665 
425 
840 
1250 
1665 
2080 
2495 
aCubic-foot volume= +83.74+12.29 {height) - 12.02 {crown cover-
age) - 16. 89 {crown diameter)+ 0 . 3068 {height X crown coverage). The 
standard error of the estimate = ± 650 cubic feet. R = . 48. Gross 
cubic-foot volumes are inside bark and include all trees greater than 
five inches, dbh, from stump to a variable top diameter not Less than 
four inches inside bark except those greater than eleven inches having 
Less than an eight-foot bole. Blocks indicate extent of field data. Based 
on 84 plots. 
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Table 2. Gross cubic-foot volume per acre for stands of upland hard-
woods in Iowa by height, percent crown cov e rage, a nd crown 
diameter. a 
Total 
height 
(ft) 
30 
40 
50 
60 
70 
80 
90 
30 
40 
50 
60 
70 
80 
15 
125 
315 
505 
695 
880 
1070 
120 
310 
500 
690 
875 
90 1065 
50 305 
60 495 
70 685 
80 670 
90 1060 
I 
l 
I 
Percent crown cove rag e 
35 55 75 
10 - 19 foot crown diameter 
110 
290 
475 
660 
840 
1025 
1205 
285 
460 
635 
810 
990 
1165 
1340 
I 
460 
625 
795 
965 
1135 
1305 
1475 
20 - 29 foot crown diameter 
105 I 280 455 
285 455 620 
47 0 630 790 
655 808 960 
8 35 985 1130 
10 2 0 J 1160 1300 
1 200 1 335 1470 
30 - 39 foot crown diameter 
465 625 785 
650 800 955 
830 980 1125 
1015 1155 1295 
1195 1330 1465 
I 
95 
630 
795 
955 
1120 
1285 
1445 
1610 
625 
790 
950 
1115 
1280 
1440 
1605 
945 
1110 
12 75 
1435 
1 600 
aCubic-foot volume= -768. 6 + 19.41 (height)+ 9. 687 (crown cover-
age) - 0. 5158 (crown diameter) - 0. 0330 (height X crown coverage). The 
standard error of the estimate = ± 444. 9 cubic feet. R = . 51. Gross 
cubic foot volumes are inside bark and include all trees greater than 
five inches, dbh, from stump to a variable top diameter not Less than 
four inches inside bark except those greater than eleven inches having 
Less than an eight-foot bole. Blocks indicate extent of field data. Based 
on 211 plots. 
Table 3. Comparison of ground volumes with predicted volumes for 25 bottomland and upland plots. 
Source of 
volume 
Average volume Aggregate error Average error 
{cu. g./as;~~) _ (cl!_.ft./acre) {percentt (cu.ft./acre) (percent)b 
Ground 11 71 
M-0del I 923 
Model II 973 
Ground 811 
Model I 756 
Model II 775 
aAggregate error (percent) 
Twenty-five bottomland plots 
-248 -26.9 ±659 
-198 -20.3 ±642 
Twenty-five uEland Elots 
- 55 - 7. 3 ±327 
- 36 - 4.6 ±371 
sum of ground volumes - sum of Eredicted volumes X 100 
Sum of predicte d volumes 
b Average error (percent) = sum {ground volume ~ predicted volume} X 100 
predicted volume 
25 
±69.0 
±65.5 
±52.5 
±62. 3 
~ 
N 
N 
~ 
z 
~ 
en 
'1J 
::s p. 
1-j 
::i:: 
0 
~ 
en 
0 
z 
Table 4. Summary of multiple regression coefficients of the final mode ls. 
Bottomland plots 
Standard deviation 
Variable 
Regression 
coefficient 
of regression 
coefficients 
Constant -714. 2 
Log site 354.2 113. 9 
Crown 
coverage 10.56 3.282 
Crown 
diameter 15.25 13. 34 
(t.01{80) = 2 . 638) . 
Constant 83.74 
Height 12.29 10.46 
Crown coverage -12.02 15.79 
Crown diameter -16.89 15.82 
Height X crown 
coverage 0.3068 0.2188 
(t.05(79) = 1.990) 
** Significant at the 1 % probability Leve L. 
* Significant at the 5% probability Leve L. 
Model I 
3. 11 ** 
3.22** 
1.14 
Model II 
1. 1 7 
0.76 
1. 07 
1.40 
Regression 
coefficient 
-518.4 
312.8 
7.123 
13.57 
Upland plots 
Standard deviation 
of regression 
coefficients 
48.85 
1.273 
6. 872 
(01(207) = 1.972) 
-768.6 
19.41 6. 081 
9.687 6.242 
-0.5158 8.381 
-0.0330 0.1075 
(t.01(206) = 2.601) 
> 
M 
6 . 40** ~ 
~ 
5.59** CJ) >-:] 
> 
1.98** z t:J 
< 
0 
~ 
c:: 
~ 
M 
3.19** >-:] 
1. 55 > tp 
0.06 ~ 
M 
CJ) 
o. 31 
~ 
N 
w 
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Table 5. Summary of the simple correlation coefficients of the indepen-
dent variab Les with one another and with volume per acre • 1 
Log site X1 
Height X 2 
Crown coverage X 3 
Crown diameter X 4 
Ground volume Y 
. 05(80) = o. 21 7 
r.01(80) = 0.283 
Log site X1 
Height X 2 
Crown coverage X 3 
Crown diameter X 4 
Ground volume Y 
r. 05(200) = 0.138 
r.01(200) = 0.181 
1 
0. 0871 
-0 . 0 977 
-0 . 1259 
0.2568 
1 
0.2936 
0.1423 
0.1472 
0.4675 
x 
Bottomland 
-0.1 751 
0.6470 
0.3056 
1 
-0.0558 
x 
1 
-0.2558 
0.1870 
0. 5864 -0. 2497 
o. 3403 o. 3180 
x y 
0.0981 
0.1047 
lComputed for preliminary plots, not those used in the final regression. 
Although each of the four mu ltiple regressions is statistically signifi-
cant, this does not r educ e the difficulty arising from the unusually Large 
prediction errors her e in encountered. 
Why have other researchers been able to develop much more accurate 
and precise aerial volume tables than these, when essentially the same 
m odel s and va riables were used? Were the models wrong or unduly in-
sensitive? Although the final regressions were presented with no vari-
ables rais ed to more than the first power and there are only first-order 
interaction terms, preliminary free-hand and computer tests indicated 
no advantage in forms more complex . 
Certainly this work was based on an ample number of well-measured 
ground plots and certainly the skill of the photo interpreters was ade-
quate. 
Total stand height, crown diameter, and crown density are the inde-
pendent variables used most often in aerial volume tables. They are 
relativ ely easy to obtain, and the first two are related to tree height and 
dbh upon which any successful tree volume table depends. Crown density 
provides an estimate of stocking, or number of trees, which is an ob-
viously necessary component of stand volume. In the final tables, vol-
ume is well correlated with height and "Log site, " and this is expected. 
Crown diameter is also well correlated with height a s would be expected. 
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The difficulty encountered here in predicting stand volumes from 
photographic measurements seems to arise from the forest itself. In 
this study we find a significant negative correlation b e twe en crown diam-
ete r and crown coverage. This indicates that Large diameters, that is, 
tree s expected to be old and tall, will be associated with an open stand 
of rather few trees. Thus, conditions in more heavily forested regions 
where excessive woodlot grazing is not so prevalent would tend to com-
bine to increase volume. Here we find crown diameter and dens i ty op-
posed rather than complementary. It may be that our model was not 
sufficiently sensitive to respond to so complex a regression surfa ce. 
The great variability in volume from place to place in the grazed or 
extensively "highgraded'' Iowa woodlot may well make aerial volume 
table construction more difficult here than in other forested area s . The 
difference between the size of photo plots and ground plots in thi s study 
is probably one reason for the high standard errors of estimate . It is 
possible that the factors of "Log site," height, percent crown cove rage, 
and crown diameter va ry to such an extent over a one-acre plot that 
a verages of these va riab le s for the one-acre photo plots are not accurate 
estimates of the ave rages fo r the one-fifth- and one-tenth-acre plots 
used for ground measurements. 
CONCLUSION 
Although it is obvious tha t the aerial volume tables presented in this 
paper should not be used for pr e dicting ground volumes at any on e Loca-
tion, they seem adequate for predicting the total volume of a forest. 
Further, these tables should make it possible to stratify the forests of 
Iowa for increased efficiency in sampling in any sub sequent management 
and volume inventories. 
REFERENCES 
Allison, G. W. 1955. An application of an aerial photovolume table to 
forest inventory work in British Columbia . Forestry Chroni cle l!,: 
366-368. 
and R. E. Breadon. 1958. Provisional aerial photo stand volume 
tables for interior British Columbia. Forestry Chronicle 34:77-83. 
Avery, Gene. 1958. Composite aerial volume tables for southe rn pines 
and hardwoods. Jour. Forestry 56:741-745. 
___ and Merle P. Meyer. 1959. Volume tables for aerial timber esti-
mation in northern Minnesota. Lake States Forest Exp. Sta. Station 
Paper No. 78. 
___ and David Myhre. 1959. Composite aerial volume table for south-
ern Arkansas. So. For. Exp. Sta. Occasional Paper No.172. 
Chapman, Herman H. and Walter H. Meyer. 1949. Forest Mensuration. 
McGraw-Hill Book Company, Inc. New York, N. Y. 
Dahl, B. 1954. Assessment of stand timber volumes from aerial photo-
graphs. Australian Forestry ~ ~3-14. 
Ferree, Miles J. 1953. A method of estimating timber volumes from 
aerial photographs. New York State Univ. College of Forestry. 
Tech. Publ. 75. 
426 HANKS and THOMSON 
Gingrich, Samuel F. and H. Arthur Meyer. 1955. Construction of an 
aerial stand volume tab Le for upland oak. Fore st Sci. 1:140-147. 
Jensen, Chester E. 1948. Dot-type scale for measuring tree-crown-
diameters. Central States For. Exp. Sta. Station Note No. 48. 
Losee, S. T .B. 1953. Timber estimates from Large scale photographs. 
Photogrammetric Engineering 19:752-762. 
Mesavage, Clement. 1947. Tables for estimating cubic-foot volume of 
timber. So. For. Exp. Sta. Occasional Paper No. 111. 
Meyer, M. P. l 96la. Aerial stand volume tables for northern Minne-
sota. Minnesota Forestry Notes No.105. 
___ • 196lb. A composite a e rial stand volume table for northern 
Minnesota. Minnesota Forestry Notes No.106. 
Moessner, Karl W. 1949. A crown density scale for photo interpreters. 
Jour. For. 47~569. 
___ . 1957. Preliminary aerial volume tab Les for conifer stands in the 
Rocky Mountains. Intermountain For. and Range Exp. Sta. Research 
Paper No. 41. 
___ . 1963. A test of aerial photo classifications in forest management-
volume inventories. U.S. Forest Service Res. Paper INT-3. 
___ , Dean F. Brunson and Chester E. Jensen. 1951. Aerial volume 
tables for hardwood stands in the Central States. Central States For. 
Exp. Sta. Tech. Paper No . 122. 
and Chester E. Jensen. 1951. Timber cruising on aerial photos. 
--c;ntral States For. Exp. Sta. Tech. Paper No.126. 
Nash, A. J. 1948. Some volume tab Les for use in air survey. Forestry 
Chronicle 24:4-14. 
Ostle, Bernard. 1954. Statistics in research. The Iowa State College 
Press, Ames, Iowa. 
Pope, Robert B. 1950. Aerial photo volume tables. Photogrammetric 
Engineering 16:325-327. 
___ • 1961. Aerial photovolume tables for Douglas-fir in the Pacific 
Northwest. Pacific Northwest For. and Range Exp. Sta. Research 
Note No. 214 . 
___ . 1962. Constructing aerial photo volume tables. Pacific North-
west Forest and Range Exp. Sta. Res. Paper No.49. 
Seely, H. E. 1934. Aerial photography in forest surveys. Forestry 
Chronicle 10:226-229. 
Spurr, Stephen H. 1945. Parallax wedge measuring devices. Photo-
grammetric Engineering .!..!. :85-89. 
___ . 1960. Photogrammetry and photo-interpretation. The Ro.nald 
Press Company, New York, New York • 
• 1954, History of fore st photogrammetry and aerial mapping. 
~otogrammetric Engineering 20:551-560. 
Thornton, P. L. and J. T. Morgan. 1959 . The forest resources of Iowa. 
Central States For. Exp. Sta. Forest Survey Release No.22. 
Wodera, H. 1948. Die Holzmas senermittlung nach Luftbildern. 
ALLegmeine Forest-und holzwirtshaftliche Zeitung 59 (13/14 ;15/15 ), 
1948 (109-112; 123-126). (Original not available. abstracted in 
Forestry Abstracts 10:2337. 1949). 
IOWA STATE JOURNAL OF SCIENCE 
Vo L. 3 8, No . 4 May 15, 1 964 ' pp. 4 2 7 -4 3 5 
BIOLOGY OF STAGNOSPORA BROMI1 
Judith H. Mathre 
ABSTRACT. Stagnospora brorni was easily isolated from 
Lesions on brornegrass Leaves on ordinary culture me-
dia. Spores germinated throughout a temperature range 
of 3° to 30° with optimum germination at 20° to 25° c. 
Hyphae of §.. brorni penetrated brornegrass Leaves 
directly between adjacent epidermal cells, and directly 
into epidermal cells. These hyphae grew inter- and 
intracellula .rly in the parenchyrna cells of the rneso-
phyLL with cell damage evident only after hyphal inva-
sion. Pycnidia were formed beneath stornates in the 
necrotic tissue. 
One of five clonal Lines of B. inerrnis tested was 
extremely susceptible to§_. brorni. Thirty-eight spe-
cies of Bromus were susceptible to S. brorni after a 
48-hour incubation period, with those in the section 
Brornopsis most heavily diseased. 
Stagnospora brorni Smith and Rarnsb. is one of a number of Leaf spot-
ting fungi that commonly occur on the Leaves of smooth brornegras s, 
Brornus inerrnis Leyss., in Iowa. It develops most extensively during 
the summer when the majority of the other Leaf spot organisms are rela-
tively inactive. 
Since Hardison 1 s (1942)initial report of§_. brorni in the United States, 
the pathogen has been found on a number of species of Brornus in rnid-
western and western United States and Alaska. Cultural behavior of S. 
brorni was studied by Tiffany (1955) and Zeiders and Graham (1961). 
Studies of other grass inhabiting species of Stagnospora have been car-
ried out by Graham (1952) and Graham and Sprague (1953) on S. rnaculata 
G. from orchardgras s and by Matsumoto (1955) on §_. saccha-;::i Lo. 
The investigations reported here are an attempt to c Larify certain 
aspects of the establishment of_§. bromi in bromegrass Leaves, subse-
quent development of the pathogen, host range, and mechanisms of over-
wintering. 
MATERIALS AND METHODS 
Isolates of S. brorni obtained from Lesions on Brornus inerrnis and~. 
purgans L., collected in various areas in Iowa were grown on potato 
dextrose agar, soybean agar, oatmeal agar, high glucose-yeast extract 
agar, Low glucose-yeast extract agar, brorne agar, Panicurn agar, and 
1 Journal Paper No.J-4747 of the Iowa Agricultural and Horne Economics 
Experiment Station, Arne s, Iowa. Project No. 1333. 
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on sterile brornegrass sterns and Leaves on water agar. Brome and 
Panicurn agars were prepared by chopping 50 gm of fresh Leaves of B. 
inerrnis or Panicurn virgaturn L. in water in a Waring blendor, straining 
the mixture through cheesecloth, bringing the fi Lt:rate up to 1000 ml with 
tap water and adding 17 gm agar plus 8 gm dextrose. Isolates of §.. 
brorni used for inoculation studies were grown on potato dextrose agar. 
ALL plants of various species of Brom.us used in inoculation experi-
ments were grown from seed obtained from the Iowa State University 
Seed Laboratory and the Plant Introduction Station at Ames. Vegetative Ly 
propagated material of 5 clones of smooth brornegras s obtained from the 
Agronomy Farm was also included in some inoculation experiments and 
studies. 
Inoculurn was prepared by macerating rnyce Liurn and agar in a 0. 1 or 
a 1. 0% solution of Tween ZO in a Waring B Lendor. Two petri plates of a 
Z-week-old culture were routinely used for each 500 ml of inoculurn. 
Following inoculation with a Sure Shot air pressure sprayer, the plants 
were incubated at a high relative humidity. In tests to determine the 
pathogenicity of _e. brorni on various species of B rornus, the inoculated 
plants were placed in a Zl °C high humidity chamber for periods of Z4and 
48 hours, then moved to the greenhouse bench. Readings were made 5 
and 10 days after inoculation. 
Spore germination studies were carried out in tap water on deep well 
slides in petri dish moist chambers at temperatures of 3°, 10°, 13°, 
Z0°, 30°, 35°, and 40°C for Z, 4, 6, 8, 10, and lZ hours. 
Penetration and establishment of_§. brorni in brornegrass Leaves was 
ob served on intact inocu Lated Leaves. Plants with spore suspensions in 
marked Leaf areas were incubated in a be LL jar at room temperature for 
periods of 24 and 48 hours. Leaves were detached, cleared in a saturated 
water solution of chloral hydrate, stained with cotton blue Lactophenol, 
and mounted in clear Lactophenol for examination. 
The development of§.. brorni in the host was followed by examining 
transverse and Longitudinal sections of diseased brornegrass Leaves that 
had been killed and fixed in FAA and Graf III on 7, 15, and 19 days fol-
lowing inoculation. The material was embedded in paraffin, sectioned, 
and stained with safranin-fast green, iron hernatoxylin or a combination 
of iron hernatoxylin-fast green. 
RESULTS 
Laboratory Investigations 
In culture on potato dextrose agar, isolates of §.. brorni developed a 
thick mat of white to cream-colored Low-growing vegetative rnyceliurn. 
On other cultural media, similar vegetative growth occurred. Pycnidia 
and spores were formed on sterile brornegrass sterns and Leaves on 
water agar. More abundant pycnidial production was obtained on brorne-
gras s Leaves sterilized with propylene oxide vapor. 
Spores produced in the field and in culture both germinated over a 
temperature range of 3° to 30°, with optimum spore germination from 
Z0° to Z5°C {Fig.4). Germination was poor at 3°C and entirely inhibited 
at 35°and 40°C. At 10°, J.3° and 30°C, germination was slowed initially. 
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Spores were viable when removed to Lower temperatures after Limited 
periods of exposure to 35° and 40°C. After 12 hours incubation at 35°C, 
then 14 hours at 18 °-22 ·° C, spores germinated 92%. Spores held for only 
10 hours at 40°C did not germinate after 12 hours at 18°-22°C; however, 
after 9 hours at 40°C and 14 hours at 18°-22°C, spore germination was 
6%. 
Germ tubes grew commonly from one or both end cells and sometimes 
from the central cells also (Fig. I). With 98% spore germination, half of 
the spores had at Least two germ tubes. Four to 6 germ tubes were seen 
growing from some spores after 11 hours. In such cases, several germ 
tubes formed from either end or central cells. After 8 hours short side 
branches appeared, and by 25 hours the average germ tube Length was 
140 µ. No septa were seen in any of the germ tubes. 
Infection occurred on brome grass Leaves within 48 hours at 18 ° -22 ° C 
under conditions of high re Lative humidity. Appre ssoria were not formed 
when germ tubes contacted the host Leaf surface. Hyphae most frequently 
penetrated directly between epidermal cells. These hyphae grew either 
straight down or at an angle into the Leaf. In the Latter case, the prog-
ress of a hypha could be followed for a short distance between the epi-
dermal cells by the distinct bulge in the middle Lamella region. Occa-
sionally penetration occurred directly into an epidermal cell. There was 
no visib Le hyphal constriction between ce Lls. No stomatal penetration 
was observed. 
Hyphae grew both inter- and intracellular Ly throughout the ho st Leaf 
tissue (Fig. 3). In 7 and 15-day-old Lesions, hyphal growth was restricted 
with a region of penetrated cells between diseased and healthy tissue. In 
older Lesions, hyphae were ob served growing into healthy mesophyll cells 
with Little or no effect. Cytoplasmic disintegration of invaded cells was 
the first indication of interference with the normal functioning of host 
cells. This was soon followed by nuclear disintegration. Cell walls 
collapsed and the hyphal growth increased throughout the necrotic tissue. 
Parenchyma cells of the mesophyLL were rapidly broken down. Vascular 
bundles and associated sclerified tissue remained intact, apparently un-
affected by the pathogen. No hyphae were observed in the vascular bun-
dles in cross section, but a few hyphae were seen in Longitudinal sections 
of metaxylem vessels. 
Hyphae spread Laterally across the Leaf by growing through and be-
tween the border parenchyma surrounding vascular bundles. Even so, 
vascular bundles were a barrier to pathogen development, and Lateral 
hyphal development was much slower than Linear growth. 
Pycnidial initials were formed in substomatal areas on both upper and 
Lower Leaf surfaces (Fig. 2). Initials were first evident as small masses 
of interwoven hypnae. The mature spherical or oblong pycnidia had walls 
4 to 5 cells thick with the ostiole formed directly beneath the stomate. 
Spores were borne on very short papilla-Like conidiophores arising from 
cells of the inner pycnidial wall. Mature pycnidia were 120-1 75 µ in 
diameter and contained spores which were fusiform to subcylindric, 
straight to curved, aseptate at first, but becoming 3-septate, not con-
stricted at the septa, and 1 7-30 by 2. 5-3. 5 µ. 
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Figure 1. Germinating conidia of Stagnospora bromi. 
Figure 2. Young pycnidium of Stagnospora bromi in brome Leaf. 
Figure 3. Section at edge of a Stagnospora bromi Lesion on a brome Leaf. 
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INCUBATION TIME CHRl 
Figure 4. Percentage germination of Stag_nospora bromi spores in tap 
water at temperatures of 3° - 40° C. 
Greenhouse Investigations 
One of the five clonal selections of ~. inermis inoculated with ~· 
bromi and incubated at 21 ° C for periods varying from 10 to 48 hours, 
was very susceptible to ~· bromi. Numerous well-developed lesions 
appeared on many leaves of this susceptible clone. The other four clones 
were less severely attacked. On all diseased plants, lesions were more 
commonly found on lower, more mature leaves. Young seedling plants 
at the one-and-two-leaf stage did not become infected. 
In inoculation studies to determine the host range of ~· bromi on a 
number of Bromus species, 3 degrees of disease severity were desig-
nated: light, few small scattered pinpoint lesions developed on some 
Leaves; moderate, individual scattered Large lesions developed on many 
Leaves; heavy, large distinct Lesions developed on most Leaves by 1 0 days 
following inoculation. 
ALL Bromus species tested became infected after 48 hours incubation 
but not after 24 hours (Table 1). Those species in the sections Cerato-
chloa, Bromium, and Eubromus gave light and moderate reactions pre-
dominantly. Most species in the section Bromopsis, which includes ~· 
inermis, were heavily infected. Since species within a given section are 
presumed to be more closely related to each other than to those in an-
other section, it was interesting to note that the species grouped with~. 
inermis were most susceptible. 
In June 1960, pycnidia failed to deve Lop on artificially infected plants 
Left in the greenhouse. At the same time, pycnidia were found within 
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Table 1. Reaction of Bromus spp. to greenhouse inoculation with~· bromi at 2l 0C. 
Species 
B. auLetious Trin. ex Nees 
B. cappadocicus Boiss. and Bal. 
B. carinatus Hook. and Arn. 
B. catharticus Bahl. 
B. haenkeanus Kunth. 
B. marginatus Nees 
B. sitchensis Trin. 
B. stamineus E. Desv. 
B. valdivianus Phis. 
B. amomalus Rupr. 
B. barcensis Simonk 
B. ciliatus L. 
B. erectus Hud. 
B. fibrosus Hack. 
B. inermis Leyss. 
B. pumpeLLianus Scribn. 
B. riparius Rehm. 
B. syriacus Boiss. and Blanche 
B. tomenteLLus Boiss. 
B. tomentosus Trin. 
B. adoensis Hochst. ex Steud. 
B. alopecuros Poir. 
B. anatoLicus Boiss. and Heldr. 
B. arvensis L. 
B. brachystachys Hornung 
B. commutatus Schrad. 
3. danthoniae Trin. 
3. japonicus Thunb. 
3. oxydon Schrenk 
3. p s e udodanthoniae Drobov 
t racemosus L. scoparius L. 
3. secalinus L. 
3. squarrosus L. 
3. madritensis L. 
~. rubens L. 
3. steriLis L. 
3. tectorum L. 
Incubation time under high relative humidity 
24 hours 48 hours 
Section Ceratochloa 
negative 
negative 
negative 
very Light 
moderate 
negative 
very Light 
negative 
Section Bromopsis 
Light 
moderate 
very Light 
negative 
Light 
moderate 
moderate 
very Light 
very Light 
moderate 
Light 
Section B romium 
Light-moderate 
Light-moderate 
Light 
moderate 
Light-mode rate 
Light-moderate 
very Light 
very Light 
Light-moderate 
very Light 
negative 
moderate 
moderate 
negative 
Section Eubromus 
moderate 
Light 
Light-moderate 
Light 
very Light 
moderate 
moderate 
Light-mode rate 
moderate-heavy 
heavy 
moderate 
Light-moderate 
moderate 
moderate 
heavy 
Light-moderate 
heavy 
heavy 
heavy 
heavy 
heavy 
moderate 
heavy 
heavy 
moderate 
moderate-heavy 
moderate 
moderate 
moderate 
Light-moderate 
Light-moderate 
moderate-heavy 
moderate 
Light 
Light 
moderate 
moderate 
Light 
moderate 
moderate-heavy 
moderate 
moderate 
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Table 2. Percentage spore germination at 25°C of ~· bromi spores 
from pycnidia on bromegrass maintained outdoors. 
SamEling Date 
October 4, 1960 October 24, 1960 November 23, 1960 
Time in % germi- Time in % germi- Time in % germi-
hours nation hours nation hours nation 
0 0 0 0 0 0 
2 31 2.5 72 2.5 56 
4 81 4.5 92 4.5 91 
6 97 6.5 97 6.5 97 
one to two weeks on infected plants placed out-of-doors. Hydrothermo-
graph records of relative humidity at night outdoors showed that the 
relative humidity was 90% or more for at Least 2 hours and often for 
6 hours or mo re during this time. In the greenhouse during the winter 
of 1961, no pycnidia were formed on diseased plants subjected to varying 
periods of high re Lative humidity. 
Overwintering Studies 
Conidia were removed at 3 to 4 week intervals from pycnidia on sev-
eral dozen diseased plants placed outside the greenhouse early in the fall 
of 1960. Spore viability was checked by spore germination tests in the 
Laboratory at 25 ° C (Table 2). Germination was not affected by prev ailing 
outdoor temperatures as the weather got colder, but, by Decembe r 30, 
few pycnidia containing spores were found. In January or Febr uary, 
nonsporulating pycnidia were found on diseased material. On Mar ch 2, 
1961, pycnidia containing immature spores were found on one sample of 
Leaves out of six collected from diseased overwintered plants. 
DISCUSSION 
Initial field infection by§.. bromi occurred in Late spring from spores 
formed in overwintered pycnidia on diseased host tissue or from spores 
developed in newly formed pycnidia. Mycelial fragments from disinte-
grating diseased host tissue could also possibly spread the organism. 
Pycnidia containing viable spores were found on diseased host mate-
rial during the fall, but only nonsporulating pycnidia were found during 
the winter. The presence of pycnidia containing immature conidia early 
in the spring suggests that the pathogen overwintered as pycnidia which 
could produce spores, as pycnidia initials, or as mycelium which was 
capable of producing pycnidia in the spring when conditions we re favor-
able. 
Spread of spore inoculum can only be postulated in Line with evidence 
on mechanism of spore dispersal presented by Hirst (1958). §.. bromi 
produced a spore mass coated with mucilage which, upon drying , kept 
the spores in place until conditions were favorable for dissemination and 
germination. Hirst reported that, in regard to organisms with sticky 
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spores, splashing rain drops brought about dissemination by softening 
and dissolving the mucilage, then splashing the spores about. Spores of 
§_. bromi Landing on Leaves of bromegrass under such environmental 
conditions would have a good chance of penetrating the host to initiate 
infection. 
Host penetration by E· bromi was similar to the infection phenomena 
described by Graham (1952) for ~· maculata, except for the Lack of 
appressoria formation by_§. bromi. Unlike §_. sacchari, which became 
established intercellularly and ultimately entered the xylem vessels, the 
mycelium of_§. bromi grew both inter- and intracellularly and rarely 
was present in the vessels. 
Investigations by Graham and Sprague (195 3) with ~· maculata re-
vealed that disease severity was increased by a second incubation period 
at high humidity within 2 days after the initial 6-hour incubation period. 
Infection with §.. bromi could a Lso be enhanced with a second 48-hour 
incubation period after inoculation. The optimum temperature for 
infection was around 22 ° C for both organisms. 
In the field, during the hot, dry summer months, there were frequent 
periods of high humidi ty of 2 to 6 hours at night that were favorable for 
penetration and growth of§.. bromi. The amount of free water deposited 
on the Leaves as dew was no doubt an important factor for successful 
infection. In Laboratory studies, if too much free water was present, 
mycelium or germ tubes from spores of §.. bromi grew over the Leaf 
surface without penetrating the host. With a reduction in free water, 
penetration occurred. Such a reduction would occur naturally in the fie Ld 
with drying of the Leaf surface. 
One other factor possibly involved in the Late spring development of 
§.. bromi was the apparent resistance of young plants and young Leaves 
to infection by the pathogen. Such resistance could contribute to the 
Limited disease incidence in the spring. 
CONCLUSIONS 
Stagnospora bromi was prevalent on bromegrass in Iowa from June 
through October. It was easily isolated and grew vegetatively on ordi-
nary culture media. Pycnidia were produced on sterile bromegras s 
Leaves and stems in culture. Spores germinated throughout a tempera-
ture range of 3° to 30°C with optimum germination at 20° to 25°C. Germ 
tubes formed from all cells of the spore but, most commonly, from the 
end cells. 
Hyphae of ~· bromi penetrated bromegrass Leaves directly between 
adjacent epidermal cells, and directly into epidermal cells. In the host, 
hyphae grew inter- and intracellularly with damage to host cells evident 
only after hyphal invasion. Growth of the pathogen was, for the most 
part, restricted to parenchyma cells of the Leaf mesophyll. Pycnidia 
were formed beneath stomate s in the necrotic tissue. 
One of the five clonal Lines of~· inermis tested was extremely sus-
ceptible to§_. bromi. Thirty-eight species of Bromus were susceptible 
to§_. bromi after a 48-hour incubation period, with those in the section 
Bromopsis most heavily diseased. 
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Pycnidia were formed on Lesions on diseased plants placed out-of-
doors during the summer but not on plants kept in the greenhouse. Spores 
obtained from pycnidia on diseased bromegras s placed out-of-doors dur-
ing the fa LL of 1960 germinated 97% through November. Only nonsporu-
Lating pycnidia were found in January and February. Pycnidia containing 
immature spores were found in March. 
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URINARY ESTROGENS IN CYCLING, PREGNANT, 
OVARIECTOMIZED AND HYSTERECTOMIZED GILTS1 
A. M. Bowerman, L. L. Anderson and R. M. M e larnpy 
Iowa State University, Ames 
SUMMARY . U r in a r y e s t r on e of g i L t s w a s c he rn i ca L Ly de -
t er rn in e d during selected periods of the estrous cycle 
and pregnancy and following hysterectomy. It was al-
so determined prior to and following the injection of 
estradiol benzoate alone and in combination with pro-
gesterone into ovariectornized and ovariectornized-
hysterectornized animals. During the estrous cycle, 
maximum renal elimination of estrone was observed 
at the approximate onset of estrus and amounted to 
over 0.1 mg per day. The Lowest urinary content of 
estrone was observed near the end of estrus and was 
Less than 0.01 mg per day. Similar results were ob-
served in pregnant animals from days 15 to 18 but 
from this time through day 25 quantities continued to 
increase in mark e d contrast to cycling animals. At 
day 30 daily urinary e strone increased to 1. 39 mg. 
Daily urine content of es tr one dropped to 0. 026 mg at 
day 40 of pregnancy but from this time to farrowing 
daily urinary es tr one increased to 26. 8 mg in one 
animal just prior to farrowing. Quantities of estrone 
were Low at all times in urine from hysterectornized 
animals in comparison to cycling and pregnant animals. 
With few exceptions the daily urinary estrone from 
hysterectornized animals did not exceed 0.020 mg per 
day. Results from experiments with ovariectornized 
and ovariectornized-hysterectornized animals did not 
show any marked influence of the uterus or progester-
one-stimulated uterus on the manner in which injected 
estradiol benzoate was eliminated in the urine. The 
total amount of injected estradiol benzoate recovered 
in the urine of these animals as estrone ranged from 
39. 0 to 60. 3% during a 4-day period. These results 
indicate the uterus does not influence the quantity or 
kind of estrogen metabolites in gilt urine. The esti-
mates for estradiol were consistently Low and without 
1 Journal Paper No. J -4698 of the Iowa Agricultural and Horne Economics 
Experiment Station, Ames, Iowa. Project No. 1325. Supported by 
USPHS, National Institutes of Health (Grant AM-03730) and American 
Cyanamid Co., Princeton, N.J. Acknowledgement is made of counsel 
by J.I. Raeside, Ontario Veterinary College, Guelph, Canada. 
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any marked variation in any of the urine samples stud-
ied. Estriol was not detected in urine samples anal-
yzed for this compound. 
Studies have been made on urinary estrogens during various stages 
of the reproductive cycle concerning estrogen metabolism in different 
species. Estrogen metabolites have been studied in the urine of preg-
nant and nonpregnant women (Smith et al., 1938), ewes (Basset et al., 
1955) and cows (Gorski !::._t ~L., 195 7)-a;;-d in pregnant and nonpr;g~nt 
sows (Lunaas, 1962; Raeside, 1963b, c; and Yelle, 1959). 
Recent studies (Ander son ~ ~. 1963 and Butcher ~ ~·, 1962) have 
suggested that uterine metabolism of some substance or substances may 
be involved in determining the Life span of corpora Lute a. Studies have 
shown that exogenous estrogen influences luteal function in various spe-
cies (Amoroso and Finn, 1962). Kidder !::._t ~L. (1955) injected gilts with 
3 mg diethylstilbestrol on either the 6th, 11th or 16th day of the cycle 
and observed cycle Lengths of 19.78, 25.60 and l7.75 days, respectively. 
Corpora lutea were maintained until slaughter at 34 days postestrum in 
19 of 20 gilts injected daily with 7. 5 or 15 mg of estrone or estradiol-1 7 
f3 per day beginning on day 11 of the cycle (Gardner !::._t ~L., 1963). 
The objectives of this study were to determine the quantities of urin-
ary estrogen metabolites from gilts during the estrous cycle and preg-
nancy and to examine the possibility of a uterine infLuence on the meta-
bolism of estrogen by comparing the urinary metabolites from intact 
and hysterectomized gilts and from ovariectomized and ovariectomized-
hysterectomized gilts following administration of exogenous hormones. 
Materials and Methods 
Crossbred gilts used in these experiments weighed 240 to 350 Lb at 
the time urine collections we re started. The groups consisted of four 
intact, two subtotally hysterectomized (from tuba-uterine junctions to 
mid-cervix), two ov ariectomized and two ovariectomized-subtotaLLy 
hyste rectomized animals. Corpora Lute a in hysterectomized gilts were 
marked with sterile animal charcoal at surgery, 5 or 6 days following 
the onset of est rus. Intact and hysterectomized animals were checked 
daily for occurrence of estrus with vasectomized boars. 
Urine was collected by means of a self-retaining catheter inserted in 
the bladder. Catheters, sizes 20 o r 2 8 (French), were inflated with 30 
ml of sterile water and connected to an 8 or 20-Liter polyethylene bottle 
with polyvinyl tubing (-i in. ins i d e diameter). The gilts were retained in 
farrowing crates during the colle c tion periods. Irrigation of the bladder 
twice daily with 50 to 100 ml of a 1 :7 dilution of solution G reduced b Lad-
der inflammation and irritation. 2 
Urine was collected for 11 day s from two of the intact animals com-
mencing at day 15 of the estrous cycle . The other two intact animals 
were bred and urine was collected days 15 to 25, 30, 31, 40, 41, 50, 51, 
2 Solution contained 2270 gm citric acid, 227 gm heavy magnesium oxide 
and 3178 gm sodium carbonate monohydrate in 19 Liters of water. 
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75, 76, 100, 101and110 to farrowing. A simi lar collection schedule 
was followed in the hysterectomized anirna Ls except that the collections 
had to be interrupted between days 15 and 25 due to cystitis and that the 
animals were collected 110, 111, 120 and 121 days after the estrus prior 
to surgery. Urine was collected from the ovariectomi zed and ova rie cto-
mized-hysterectomized anima Ls for two 5 or 6-day periods, one in which 
they were injected with 400 mcg estradiol benzoate (EB) per 100 Lb body 
weight and the other in which they we re inje cted with EB at the same 
rate in combination with 100 mg prog e sterone per 100 Lb body w eight. 
The hormones were administered in a single injection .24 hours after 
initiation of urine collection, which was continued for 4 or 5 days there-
after. One animal in each group received EB first while the othe r two 
r eceived the combination first. The hormones were admini stered intra-
muscula rly in sesame oil containing 100 mcg EB per ml and in addition, 
25 mg progesterone p e r ml when this steroid was given concurrently. 
A minimum of 10 days was allowed to elapse between injections. 
Samples were collecte d and analyzed on a 24-hour basis from days 15 
to 25 with the cycling, pregnant and hysterectomized animals, days 110 
to farrowing with the pre gnant anirna Ls, and all days with the ovarie cto-
mized and ovariectomized-hysterectomized animals. The remainder of 
the samples were collectetl and analyzed on a 48-hour basis. Urine 
samples were stored at 5 ° C without a preservative until ana Lysi s, which 
was always begun within 24 hours. 
Aliquots of the urine taken for ana Ly sis usually amounte d to approxi-
mate Ly 10% of the 24-hour urine output . The principal exception t o this 
was Late pregnancy where only 5 to 25 ml aliquots were taken. With the 
exception of these Late pregnancy samples which were diluted to 100 or 
200 ml with water, ali quots we re diluted to 500 ml for acid hydrolysis. 
Dupli cate analyses were conducted on each sample. In recovery experi-
ments f our aliquots of urine were hydrolyzed and 5 or 10 mcg of recrys-
tallized estrone and estradiol-1 7 13 3 were added to two of the a liquots 
following hydrolysis. 
The urinary estrogens were hydro Lyzed, extracted, purified, sepa-
rated and quantified by a method described by Raeside (l 963a}. This 
method inc Luded acid hydrolysis, solvent partitioning, saponification, 
adsorption and partition chromatography and measurement of the Kober 
chromogens of the estrogens by spectrophotometry. Six urine a Li quots 
from animals in various reproductive states were analyzed for e striol 
with the method of Bauld (1956) . 
Placentas were collected from one of the anirna Ls at farrowing and 
two 75 g aliquots of this tis sue were extracted by the method of Diczfalusy 
and Magnusson (1958}. These samples were analyzed for free and con-
jugated estrogens. 
Estrone fractions were prepared in the same manner as for chemical 
assay from urine of animals in three physiological states and subjected 
to bioassay to assess their biological activity. The three samples were 
from untreated ovariectomized and ovariectomized-hysterectomized 
animals, an animal at the onset of estrus and an animal just pr i or to 
farrowing. The biological activity of these estrone fractions was evalu-
3 Kindly supplied by J.K. McGowan, G.D. Seale and Co., Chicago , ILL. 
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ated by vaginal smears of ovariectomized rats which had been injected 
with the preparations {Allen and Doisy, 1923). 4 
Results and Discussion 
In 10 recovery experiments 88. 8 ± 6. 3% (standard deviation) of the 
estrone and 75.5 ± 7.3o/oof the estradiol-17~ added to urine hydrolyzates 
were recovered. Evidence has been presented which suggests that free 
estrogens are Less labile during acid hydrolysis than the conjugated 
forms (Katzman ~ ~L., 1954). Therefore the estrogens were added 
following hydrolysis, and no adjustment for recovery was made to the 
chemical estimates obtained . 
Estrone fractions subjected to bioassay had biological potencies equal 
to 74.4± 5.9 (standar d deviation), 77.1±11.1 and 57.2 ± 9.8% of the 
chemically estimated quantities of estrone in extracts of urine collected 
at the onset of estrus, during the Last week of pregnancy and prior to 
hormone administration in ovariectomized and ovariectomized-hyster-
ectomized animals, respectively. These results suggest the need for 
improved specificity in the chemical methods used, particularly for 
urine containing minute quantities of estrogen. 
Although urine samples were routinely analyzed for e stradiol, the 
amounts in the aliquots were usually be low . 1. 4 mcg, the minimum sen-
sitivity of the method employed. The estradiol fractions had Low cor-
rected optical densities when subjected to spectrophotometric analysis . 
Little variation occurred in the corrected optical densities of the estra-
diol fractions, and no patterns were apparent in any of the animals stud-
ied including the ovariectomized anim~Ls following the administration of 
EB. No estriol was detected in six samples analyzed for this estrogen. 
Results of chemical determination of estrone in urine of cycling, 
pregnant and hysterectomized gilts are presented in Table 1. In cycling 
animals urinary estrone increased to a peak just before or with the onset 
of estrus. In one of the cycling animals, C-1, estrone in the urine de-
clined to the Lowest c ontent on the day following estrus, while in the 
other animal the Lowest urine content of estrone was observed at the end 
of the collection period. Raeside (l 963b) using 8-hour collection periods 
concluded that urinary estrone decreased prior to ovulation. In pregnant 
animals similar results were found through day 18, but from days 18 to 
25 urinary estrone continued to increase in marked contrast to the cy-
cling animals. At day 30 the estrone values had increased further, but 
by day 40 the quantities of estrone had decreasedprecipitously to a level 
similar to that Late in the estrous eye Le. From day 40 to parturition 
urinary estrone increased to peaks of 16. 5 2 and 26. 77 mg 1 or 2 days 
prior to parturition. Gilt P-1 d e livered eleven piglets on the l l 8th day 
of pregnancy and P-2 farrowed s e ven on the l l 5th day. Lunaas (1962), 
Raeside (l 963c) and Rombauts (196 2) have presented similar results for 
estrone in urine of pregnant gilts. These investigators and Yelle (1959) 
can not confirm the reports of Bredeck and Mayer (1958) and Rommel 
and Rommel (1963) that ether extracts of acid-hydrolyzed swine preg-
nancy urine contain estriol. Delivered placentas from animal P-2 
4 Assays performed by The Endocrine Laboratories, Madison 1, Wisc. 
Tab Le 1. Milligrams of estrone excreted daily in urine of cycling, pregnant and hysterectomized gilts . 
~ 15 16 17 18 19 20 21 22 23 24 25 30 40 50 
Cycling 
0.034a 0.009a 0.006b 0.010 C-1 0.016 0.018 0.025 0.036 0.056 0.113 o. 011 
C-2 0.018 0.027 0.037 0.034 0.069 0.104 0.152a 0.063a 0.0 19a 0.012 0.009 
Mean 0.017 0.022 0.031 o. 035 0.062 0. 108 0.093 0.036 0 .01 2 0.011 0.010 
Pregnant 
0.05lb 0.115 P-1 0.015 0.019 0.032 0.171 0.255 0.346 0 . 590 0.935 1.196 1. 39 0.027 0.044 
P-2 0.013 0.015 0.022 0.038 0.070 0.128 0.201 0.275 0.4 77 0.453 0.762 1. 10 0.025 0.031 
Mean 0.014 0.017 0.027 0.044 o. 092 0.150 0 . 22 8 o. 3.1 0 0. 534 0.694 o. 979 1. 20 0.026 0.038 
Hysterectomy 
o.01ob H-1 0.015 0.012 0.014 0.013 0.010 0.009 0.014 0.014 0.017 
H-2 0.016 0.011 0.012 0.016 0.016 0.040 0.019 
Mean 0.016 0.012 0.010 0.015 0.027 0.018 
Day 75 100 110 111 112 113 114 115 116 117 120 140 1 70 zoo 
Pregnant 
P-1 0.227 6.70 9.62 8.64 11. 36 11. 29 12.99 14 . 70 16.52 13. 71 
P-2 0.769 9.16 20.40 20.47 26. 77 19. Z.l 19. 10 
Mean 0.498 7.93 15.01 
Hysterectomy 
H-1 0.020 0.045 0.022 0 . 020 
H-2 0.016 0.020 0.021 0.020 0.023 0. 077 0.037 
Mean 0.018 0.032 0.022 0.020 
a 
Estrus determined by male acceptance. 
"'" b Estimated 24-hour excretion based on hourly excretion rate for interval collected during 24-hour period. "'" 
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contained L02. 0 mcg free estrone, L7. 8 mcg conjugated e s trone, 4. 7 mcg 
free estradiol and less than 1 mcg of conjugated estradiol per 100 g. 
These results suggest that swine placentas produce estrogen. Results 
of Faiermark {1935) with bioas say of swine placentas also suggest that 
they produce estrogen during Late pregnancy and in addition during the 
third and fourth weeks of pregnancy. 
Although concentration of progesterone in Luteal tissue is similar 
during pregnancy and following hysterectomy {Anderson ~ ~L., 1961; 
Duncan~~·, 1961) the quantities of urinary estrone from hysterecto-
mized gilts remained at a consistently Low Level in contrast to the higher 
and variab Le amounts from pregnant animals. Exceptions were found in 
samples from H-1 at day 100 and H-2 at days 40, 170 and 200. The in-
creases at days 40 and 100 could be an indication of some subthreshold 
cyclic activity of the ovaries in these animals. The increase to 0.077mg 
per 24 hours at day 1 70 in H-2 was pos sib Ly associated with the failure 
of corpora Lutea to persist since her vulva was pink and swollen and 
boars showed interest in her for several days thereafter although boar 
acceptance was not noted. When slaughtered 214 days following pre-
operative estrus, the ovaries were greatly enlarged with Luteinized cysts 
up to 75 mm in diameter and carbon marks in the ovarian stroma. These 
cysts probably account for the e Levated estrone excretion at day 200. 
Gilt H-1 exhibited estrus on the 134th and 135th days following the pre-
operative estrus, and when slaughtered 9 days Later her ovaries con-
tained carbon marked corpora albicantia and unmarked, functional-
appearing corpora Lutea. 
Estrone was also the principal estrogen found in the urine of ovariec-
tomized and ovariectomized-hysterectomized gilts injected with EB alone 
or in combination with progesterone. The percentage of injected estro-
gen, computed on a molecular basis, that was recovered as estrone from 
the urine of these animals for one day before and 4 or 5 days following 
administration is de scribed in Table 2. The amounts of the steroids 
administered to these animals at the beginning of the second 24-hour 
collection period are also presented. Severe cystitis developed in gilt 
0-2 during both collection periods and the catheter had to be removed at 
the end of the fourth post-injection day. 
Small amounts of estrone were detected in the urine of all 4 animals 
on the days prior to injection. This value is expressed as a percentage 
of the amount of estrogen injected and it was not used to adjust the values 
for the post-injection days. Bulb rook and Greenwood {195 7) ob served 
Low Levels of estrogen in urine from ovariectomized women. 
In the ovariectomized gilts 46. 9% of the injected estrogen was re-
covered over a 4-day period, when EB was given alone compared to 
41. 5% when these animals were injected with both progesterone and EB. 
The results were more variable in the ovariectomized-hysterectomized 
animals with OH-1 having a higher recovery rate of 55. 0% when given 
EB alone compared to 47. 7% when both hormones were administered. 
The opposite occurred in OH-2, only 39. 0% was recovered when EB was 
injected compared with 60. 3% when progesterone was administered with 
the EB. With one exception, the maximum hormone excretion was ob-
served in the first 24 hours following injection. After the administration 
of EB alone to OH-2, the amount of estrone in the urine was unusually 
Table 2. Percent of injected estrogen excreted as es tr one in urine. 
Injected with:~ 
Estradiol 
Benzoate Progesterone Day Total for 
Gilts mg mg 0 16 2 3 4 5 4 day_s 5 days 
Ovariectomy 
0-1 1. 24 0 0.4 24.0 14.0 7. 1 3.7 2.5 48. 8 51. 3 
0-2 1. 24 0 0.4 19. 8 14 .4 7.8 3.0 -- 45.0 
Mean 0.4 21. 9 14.2 7.4 3. 4 2.5 46.9 49.4 
0-1 1.16 290 1. 1 16. 3 15 . 1 c 7.2 2.7 1. 6 41. 3 42.9 
0-2 1. 26 315 1. 0 23.9 10.0 5.3 2.4 -- 41.6 
Mean 1. 0 20. l 12.6 6.2 2.6 1. 6 41. 5 43.1 
Ovariectomy-
Hysterectomy 
OH-1 1. 08 0 1. 5 36.9 12. 2 3.8c 2. 1 1. 6 55.0 56. 6 
OH-2 1. 04 0 1. 3 13.3 15.5 6. 3 3.9 2.6 39.0 41. 6 
Mean 1.4 25.1 13.8 5.0 3,0 2. 1 46.9 49.0 
OH-1 1. 04 260 1. 2 23.9 14.4 6.0 3.4 2.4 47.7 50.l 
OH-2 o. 96 240 2.2 29. 1 19.2 7.4 4.6 3.6 60.3 63.9 
Mean 1. 7 26.5 16.8 6. 7 . 4.0 3.0 54.0 57. 0 
a Administered intramuscularly at a rate of 0. 40 mg estradiol benzoate per 100 lb and 100 mg progesterone 
per 100 lb. 
b Steroids injected at beginning of second 24-hour collection period. 
c Estimated 24-hour excretion based on hourly excretion rate for interval collected during 24-hour period. 
~ 
~ 
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Low the first day following injection and the maximum amount of urinary 
estrone was observed during the second day. However, the percentage 
of estrogen excreted the second day was very similar to that of the other 
animals on the second post-injection day. Lunaas (1963) administered 
10 mg estradiol-1 7 f3 to an ovariectomized sow and recovered 40% in the 
urine as estrone over a 4-day period. When estrone propionate and 
estradiol dipropinate were administered to ovariectomized-hysterecto-
mized rhesus monkeys only 4.4 and 3. 3%, respectively, of these com-
pounds were recovered in the urine as estrone (Dorfman ~t ~·, 1945). 
The results with ovariectomized and ovariectomized-hysterectomized 
animals injected with EB alone and in combination with progesterone 
gave no indication that the uterus, the progesterone-stimulated uterus, 
or progesterone itself influenced the metabolism of estrogen. There-
fore, the difference in estrogen excretion between pregnant and hyster-
ectomized animals may represent differences in estrogen production 
rather than in estrogen metabolism. These differences may be attributed 
to maintained corpora Lu tea preventing pre-ovulatory swe Lling of follicles 
and estrogen production from days l8-20 to the Lack of placental produc-
tion of estrogen at Later stages. These results may be confounded by 
the extent of involution and subsequent recovery of the uterus following 
ovariectomy and hormone administration, respective Ly. 
The prolonged Life span of corpora Lutea following hysterectomy is 
apparently due to the removal of a Luteolytic stimulus. This stimulus 
does not appear to be of neural origin since guinea pigs and pigs cycle 
when the uterus is autotransplanted (Butcher et al., 1962; Ander son et 
~L., 1963; du Mesnil du Buisson and Rombaut;: 1963). 
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SURVEY OF A LIFE'S WRITING -
PAUL L. ERRINGTON'S BIBLIOGRAPHY1 
Kenneth D. Carlander and Milton W. Weller 
ABSTRACT. D r. Pa u l E r r in g t o n 1 s r e s e a r ch c o n t r i but i on s 
concerned problems of predation and automatic mech-
anisms of population regulation of birds and mammals. 
He developed a literary style which expressed to the 
general and the scientific publics his esthetic concepts 
and his concern for conservation. He learned the Scan-
dinavian languages to promote exchange of ideas be-
tween Americans and Scandinavians. The appended list 
includes 175 articles and books, plus 35 reviews. Two 
of his publications were cited as outstanding by the 
Wildlife Society, and his "Muskrat Populations" re-
ceived the Faculty Award of the Iowa State University 
Press. In 1962, Dr. Errington was awarded the Aldo 
Leopold Award by the Wildlife Society in recognition 
of his scientific and philosophical contributions. 
Sometimes even a quick review of published titles provides a story of 
the development of a scientist. Such is true of the bibliography of Dr. 
Paul L. Errington, here appended. 
Dr. Errington's major research concerned the phenomena of preda-
tion and automatic mechanisms of population regulation. Most of his 
professional Life was spent at Iowa State University, to which he came in 
1932 after completing his graduate work at the University of Wisconsin. 
His data were secured through hours, weeks, months and years of ob-
servation in the field under all weather conditions. From these obser-
vations and wide reading he developed concepts of population regulation 
and the effects of predation-principles which were tested against further 
observations in several species. Several of these biological principles 
were then applied to improve management procedures for the preserva-
tion of game species. Dr. Errington was particularly anxious to replace 
the generally accepted public view of predators as vermin by the more 
r ea listic view of predators as a part of the natural control of populations. 
1 Journal Paper No. J -4 797 of the Iowa Agricultural and Home Economics 
Experiment Station. Project No. 1389. A contribution from the Iowa 
Cooperative Wildlife Research Unit, the Bureau of Sport Fisheries and 
Wildlife {U.S. Dept. of Interior), Iowa State University of Science and 
Technology, Iowa State Conservation Commission and the Wildlife Man-
agement Institute cooperating. The authors express their thanks to 
Carolyn Errington, Hazel Clausen, and Dr. Arnold Haugen for sugges-
tions and for help in compiling the bibliography. 
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His writings reveal a strong appreciation for the checks and balances 
which characterize untampered natural populations. 
Taxonomically, his published work covered four species of gaLLina-
ceous birds, three species of waterfowl, nine species of predaceous birds 
and eight species of mammals. Numerous other species were considered 
in general papers and reviews. Quail and muskrat populations were his 
areas of specialization in the 1930's and 1940 1 s respectively. Hawk and 
owl predation and then mink predation were phenomena studied as part 
of the quail and muskrat investigations. 
Paul Errington's writings fall into four categories: scientific, popu-
lar, Literary, and professional service. His scientific work is best 
known, but few people realize the efforts he made to bring re search 
findings to the Layman. No Less than 29 different popular journals and 
magazines have printed or reprinted his articles. 
His interest in Literary writing dated from undergraduate work. His 
first publication (in 1929), "The silence," was of this nature and described 
his experiences in the Big Bog country of northern Minnesota; The pres-
sure of re search duties gave him Little time for literary work, but in 
1938 he published "No quarter" (9) in which he showed that a subject such 
as winter mortality of muskrats could be presented in short story form. 
During the 1950 1 s and early 1960's, Errington spent much of his personal 
time reworking ideas and wording phrases to more effective Ly project 
his e sthetic concepts to the public. 
Many of his articles, even as early as 1930, were reprinted in other 
journals, an indication that various editors recognized their special sig-
nificance. His position as an authority in the field was recognized as 
early as 1936 when "What is the meaning of predation? 11 (85) was inc Luded 
in the Annual Report of the Smithsonian Institution. The Wildlife Society 
designated "The great horned owl and its prey in north-central United 
States" (108), written with Frances and F.N. Hamerstrom, Jr., and 
"Predation and vertebrate populations" {132, 133) as the outstanding pub-
lications in wildlife and terrestrial e cology for the years 1940 and 1946. 
The Latter article had been written at the request of the editors of the 
Quarterly Review of Biology. In 1945, Dr . Errington contributed the 
section on "The pheasant in the northern prairie states" {129) to W. L. 
McAtee 1 s "The ring-necked pheasant." In Later years, recognition came 
in many ways, some of which are shown by the bibliography; e.g., par-
ticipation in a 1954 symposium on cycles in animal populations {144), the 
195 7 Cold Spring Harbor Symposium on Quantitative Biology {152), and 
the 1961 symposium in Czechoslovakia on the problems of laboratory 
animal diseases {l 70). 
As a service to other members of his professional field, Errington 
prepared committee reports {125, 131, 136; several other committee 
assignments did not appear as publications), recommendations for stan-
dards and professional ethics {104,109,113,133) and reviews for many 
journals (a separate List is included, which may not be complete since 
records were not always made of these reviews). The reviews were 
sometimes critical when the authors failed to recognize the complexities 
and compensations of animal population dynamics, but typically the re-
views highlighted constructive ideas. 
With "A question of values" {134) in 1947, Dr. Errington emerged as 
SURVEY OF A LIFE'S WRITING 449 
a philosopher, a role which he further developed in his Later y ears. 
There were earlier signs of his interests and abilities in this Line. 
no tab Ly "On the social potentialities of wi Ldlife management" (109) in 
1940. 
In the Late 1940's and early 1950 1 s, Dr. Errington taught himself to 
read and speak the Scandinavian Languages (which, although of Swedish 
ancestry, he had not Learned as a child) and helped to introduce the 
Scandinavian Literature to American wildlife biologists. This Led to his 
year in Scandinavia, 1958-9, under auspices of the Swedish government, 
Guggenheim Foundation and the National Science Foundation. Many of 
the publications in the Late 1950 1 s are related to these Scandinavian con-
tacts and experiences. 
The real harvest of his years of field observations, discussions and 
thought started in the Late 1950' s. The general pub Lie, in addition to the 
scientific pub Lie, is sharing in this harvest, for Dr. Errington deve Loped 
a Literary style that permitted him to transmit to the general reade r his 
under.standing of and Love of the out-of-doors and the animals tha t Live 
there. Chapters of "Of men and marshes" (154), published by Macmil-
lan in 195 7, were reprinted in Audubon Magazine (153), in "Approaches 
to Prose" (155) (an anthology for freshman English), and in "The Ameri-
can Year" (164) (another anthology). 
"Muskrats and Marsh Management " (165) was published by the 
Wildlife Management Institute in 1961, and Dr. Errington' s monograph 
"Muskrat Populations" was in galley proof for the Iowa State University 
Press at the time of his death. This Latter manuscript received a $500 
award as the outstanding manuscript submitted to the Press by an Iowa 
State University faculty member in the 1961-62 academic year. Carolyn 
Errington, Paul 1 s wife, who encouraged and he Lped him in the many 
publications, did the final editing and proofreading on this book (1 74) 
and is bringing some of his other manuscripts into final form. Various 
publishers had requested several books. That some of these will never 
be written represents a loss to society, but the Last few years of his Life 
at least brought a very significant harvest. 
PUBLICATIONS BY PAULL. ERRINGTON 
1. The silence. Colonial Wig £(3);3-12. 1929. 
2. What can the Wisconsin farmboy do to encourage quail? Wisconsin 
Arbor and Bird Day Annual, May:45-49. 1930. 
3. Predatory animals of southern Wisconsin and their value to the 
farmer. Wisconsin Arbor and Bird Day Annual, May :78-85. 1930. 
4. The pellet analysis method of raptor food habits study. Condor 
32(6):292-296. 1930. 
5. Corn on cob saves wintering quail. American Game 19(6):9-12. 
1930. (Also reprinted in Md. Conserv. ~(1):13, 26-29. 1931.) 
6. Territorial disputes of three pairs of nesting marsh hawks. Wilson 
Bulletin 42(4):237-239. 1930. 
7. Behavior of bob-whites upon approach of marsh hawks. Wilson 
Bulletin 42(4):294-295. 1930. 
8. Wisconsin quail investigation findings. Trans. Am. Game Conf. 
17:252-253. 1930. 
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9. Winter . killing of barn owls in southern Wisconsin. Wilson 
Bulletin 43(1) :60. 1931. 
1 O. Second winter. (The article deals with winter quail observations.) 
American Game 20(4):56, 60-61. 1931. 
11. The bob-white's winter food. American Game 20(5):75-78. 1931. 
12. The bob-white's winter cover. American Game 20(6):90-93. 1931. 
13. Quail winter food and cover. American Game reprint of numbers 
10, 11and12. 1932. (Also reprinted in Fins, Feathers and Fur 
No. 114, 11 5 and 11 6. 1 9 3 2 -1933. ) 
14. Technique of ' raptor food habits study. Condor 34(2):75-85. 1932. 
15. The man factor in game crops. American Game .£!. (2):26-2 7. 1932. 
16. Man management comes first. American Game 21(3);44, 49. 1932. 
1 7. Wildlife management; an integration of ends in Land use. American 
Game reprint of 15 and 16. 1932. (Also reprinted in Fins, 
Feathers and Fur No.113: 3, 13, 22-23. 1932.) 
18. The northern bobwhite; environmental factors influencing its status. 
Ph.D. thesis. Library. U. Wis. Deposited in May. Subject mat-
ter of his thesis was published as separate articles, and the 
numbers may be considered to represent essentially chapters, 
Listed here in the order of their appearance in the thesis manu-
script: 28, 11, 12, 33, 14, 19, 27, 53, 57, 17. 1932. 
19. Food habits of southern Wisconsin raptors. Part I - Owls. Condor 
34(4):176-186. 1932. 
20. Great horned owls dying in the wild from disease. Wilson Bulletin 
44(3) :180. 1932. 
21. An encounter between a Cooper's hawk and a horned owl. Wilson 
Bulletin 44(3):189. 1932. 
22. Iowa researching. American Game 21 (5) :74, 80. 1932. 
23. Iowa's wildlife research program. (Revision of No. 22). Trans. 
American Game Conf. 19:346-350. 1932. 
24. Suggestions as to nesting studies of Iowa game birds. Iowa Bird 
Life ~(4):46-48. 1932. 
25. Studies on the behavior of the great horned owl. Wilson Bulletin 
44(4):212-220. 1932. 
26. Mobility of the northern bob-white as indicated by banding returns. 
Bird Banding !(1):1-7. 1933. 
2 7. Food habits of southern Wisconsin raptors. Part II - Hawks. 
Condor 35(1):19-29. 1933. 
28. The wintering of the Wisconsin bob-white. Trans. Wis. Acad. Sci., 
ArtsandLetters 28:1-35. 1933. 
29. The management of the bob-white quail in Iowa. Iowa Agr. Ext. 
Bull. No.186. 15pp. 1933. 
30. Another winter's quail study. American Game 22(3):39, 44-45. L933. 
31. The Long-eared owl as a ratter. Condor 35(4):163. 1933. 
32. Summer bob-white observations in a city backyard. Iowa Bird Life 
.2_(3):36-37. 1933. 
33. The nesting and the Life equation of the Wisconsin bob-white. Wilson 
Bulletin 45(3):122-132. 1933. 
34. (and LoganJ. Bennett). Lost Legions. (An article dealing with 
game bird Losses from crippling incidental to hunting.) Outdoor 
Life 72 ( 3) : 1 8 - 1 9, 5 6 . 1 9 3 3 . 
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35. {and Logan J. Bennett). Midwest duck breeding grounds. Minn. 
Conserv. i_:8, 18-20. 1933. 
36. Bob-white winter survival in an area heavily populated with grey 
foxes. Iowa State Coll. Jour. Sci. 8(1):127-133. 1933. 
37. Report on precarious wild fowl conditions. Outdoor Life 72(5):25-
26. 1933. 
38. Second broods in the mallard duck. Auk 51(1):78-80. 1934. 
39. {and Logan J. Bennett). Iowa duck studie~ Trans. Am. Game 
Conf. 20:249-257. 1934. 
40. A Late Iowa record for an American bittern. Wilson Bulletin 46{1): 
62-63. 1934. 
41 . Vulnerability of bob-white populations to predation. Ecology ~(2): 
1 1 0 - 1 2 7 . 1 9 34 . 
42. Predatory animals, birds, and snakes. Pgs 51-60 ~n Furs, F ins, 
and Feathers. Meredith Publ. Co. Des Moines, Iowa 64 pp. 1934. 
43. Wildlife research as a profession. Science Monthly 38(6):554-560. 
1934. 
44. Quail shooting quota fixed by study of winter survival. Iowa Fish 
and Game Guide !_( 2) :4. 1934. 
45. Carrying capacity controls quail population surviva L. Iowa Fish and 
Game Guide !_{3):3-4.1934. 
46. Predators and the northern bob-white. Am. Forests 41(1):7-10, 46. 
1935. 
47. Wintering of field-Living Norway rats in south-central Wisconsin. 
Ecology !.§(1):122-123. 1935. 
48. What counts in northern bob-white management. Trans. Am. Game 
Conf. 21 :370-376. 1935. {Also reprinted p. 207 !!! Field Circular 
No. 6, Soil Conservation Service Region No. 7. 1937.) 
49. The significance of food habits research in wildlife management. 
Science 81(2103):378-379. 1935. {reprinted, pp. 727-728 ~Value 
of Research into the Food Habits of Wildlife, an excerpt from 
"Hearing before the Subcommittee of House Committee on Appro-
priations, in Charge of the Agricultural Department Appropriation 
B iL l for 1 9 3 6, " pp . 71 7 - 7 3 7. 1 9 3 5 . ) 
50. Winter-killing of mourning doves in central Iowa. Wilson Bulletin 
47(2):159-160. 1935. 
51. The 1934 drought and southern Iowa bobwhite. Iowa Bird Life ~(2): 
18-21. 1935 . 
52. {and Logan J. Bennett). Food habits of burrowing owls in north-
western Iowa. Wilson Bulletin 47(2):125-128. 1935. 
53. Food habits of mid-west foxes. J~r. MamaL. 16(3) :192- 200. 1935. 
54. {and F. N. Hamerstrom, Jr.). Bob-white winte7 survival on experi-
mentally shot and unshot areas. Iowa State Coll. Jour. Sci. .2_{4): 
625-639. 1935. 
55. Over-populations and predation: a research field of singular 
promise. Condor 37(5):230-232. 1935. 
56. Sex and resistance of bob-whites and ring-necked pheasants to 
starvation. Auk 53(1):78-79. 1936. 
5 7. Notes on food habits of southern Wisconsin house cats. Jour. 
Mammal. .!.1(1 ):64-65. 1936. 
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58. Differences in nutritive values of winter game foods. Proc. N. Am. 
Wildl. Conf. 1:356-360. 1936. (Also reprinted Minn. Conserv. 
51 :29-32. 1937.) 
59. The winter of 1934-35 and Iowa bob-whites. Am. Midl. Nat. !](2}: 
554-568. 1936. 
60. Shooting and bob-whit~ populations. Game Breeder and Sportsman 
40(4):79, 91-93. 1936. 
61. (and W. E. Albert, Jr.) Banding studies of semidomesticated 
ma Llard ducks. Bird Banding ..Z.(2):69- 73. 1936. 
62. Iowa experiments with quail. Outdoor America N.S . .!_(7}:4-5, 16. 
1936. 
63. (and F. N, Hamerstrom, Jr,). The northern bob-white's winter 
territory. Iowa Agr. Expt. Sta. Res. Bull. 201:301-443. 1936. 
64. Bone healing in young marsh hawks. Auk 53(3):326-327. 1936. 
65. Winter-killing of flickers in central Iowa. Auk 53{3}:334-335. 1936. 
66. Sex ratio and size variation in South Dakota mink. Jour. Mammal. 
!]{3}:287. 1936. 
67. Re-stocking quail in our northern states. Minn. Conserv. 39:10-11, 
15. 1936. 
68. (and W.J. Breckenridge). Food habits of marsh hawks in the 
glaciated prairie region of north-central United States. Am. Midl. 
Nat. !] ( 5}: 8 31 - 84 8. 1 9 3 6 . 
69. Food habits of a weasel family. Jour. Mammal. ..!1(4):406-407. 
1936. 
70. Food habits of Iowa red foxes during a drought summer. Ecology 
!.§(1):53-60. 1937. 
71. Food habits of the red fox in Iowa. Am. Wildl. 26{1} :5-6, 13. 1937. 
72. Winter carrying capacity of marginal ruffed grouse environment in 
north-central United States. Canad. Field Nat. 51(3):31-34, 1937. 
73. Recent predator studies. Penna. Game News 7{12}:14, 30. 1937. 
74. Management of the red fox in Iowa. Am. Wildl. 26(2):24, 30-31. 
1957. 
75. Habitat requirements of stream-dwelling muskrats. Trans. N. Am. 
Wildl. Conf. ~:411-416. 19 37. 
76. Summer food habits of the badger in northwestern Iowa. Jour. 
Mamma L. 1 8 ( 2) : 21 3 - 21 6 . 1 9 3 7 . 
77. {and R.M. B-;-rry}. Tagging studies of red foxes. Jour. Mammal. 
!.§(2):203-205. 1937. 
78. Summer food habits of the short-eared owl in northwestern Iowa. 
Wilson Bulletin 49(2):121. 1937. 
79. {and F.N. Hamerstrom, Jr.). The evaluation of nesting Losses and 
juvenile mortality of the ring-necked pheasant. Jour. Wildl. Mgmt . 
.!_(1-2):3-20. 1937. 
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THE PROBABILITY OF PRECIPITATION AT DES MOINES, IOWA1 
Sanford R. Miller2 
ABSTRACT. The c l imatological records for Des Moines, 
Iowa, have been developed so that probability of pre-
cipitation can be determined for any designated date. 
The probability of the precipitation continuing for sub-
sequent dates can also be determined. These estimates 
would be app l icable to the south-central Iowa area. 
Mete orologis t s utilize climatological records when called upon to give 
we ather forecasts for a pe riod beyond that for which prognostic forecasts 
are available . These records are not always in a form best suited for 
immediate use in making probability estimates . The object of thi s study 
is to develop a climatological summary to facilitate probability estimates 
of precipitation for any given date in the future, as well as to give the 
estimates of categorical amounts for use in operational planning. 
PROCEDURE AND RESULTS 
In the development of this study, daily precipitation amounts for the 
80-year period from August 1879 through July 1958, for Des Moines, 
Iowa {4), were used. Frequency distributions of the precipitation were 
made for four class intervals each day. The intervals were more or Less 
arbitrary, but selected according to information furnished from those 
engaged in occupations in which precipitation is an operational factor. 
The first class, or category, was for no-precipitation days, in which 
traces were included. The second category contained precipitation in 
amounts ranging from. 01 to. 09 inch inclusive. This amount of precipi-
tation for many purposes could be considered as negligible but would 
preclude operations which required absolutely dry weather. The third 
category was the grouping of precipitation amounts from . 10 to . 4 9 inch. 
This quantity of precipitation will permit some activity out-of-doors in 
which moisture is not a prob Lem, or for which protection is economically 
feasible. The fourth and Last category contains all precipitation amounts 
of one-half inch or more. These amounts usually interrupt, or delay, 
nearly all but the most necessary out-of-doors activities. Although the 
Journal Paper No. J-4788 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No.1280. Prepared in co-
operation with U.S. Department of Commerce Weather Bureau. Special 
acknowledgment is made to Robert F. Dale for his assistance during 
this . study. 
2 Formerly Meteorologist, Weather Bureau Airport Station, Des Moines, 
Iowa. Now with District Meteorological Office, Kansas City, Missouri. 
form of the precipitation (i.e., rain or snow) or the precipitation intensity 
is important in many applications, this consideration is not included in 
this study except as it is distributed in daily or 24-hour amounts. 
Including the Leap-year days, there are 29, 219 days in the 80-year 
period. Measurable precipitation occurred on 8, 502 of these days for a 
29. 1 percentage. The total amount of the precipitation, including the 
moisture content of the snow, was 2, 511. 99 inches for an average of . 30 
inch for each precipitation occurrence. The Appendix contains the actual 
and amoothed daily frequencies for each day of the year, with February 
29 omitted . 
On the assumption that the majority of the day-to-day variations in 
the frequency arise more from sampling error than from true climato-
logical differences, a three-day running mean was computed for each 
daily frequency and mean given in the Appendix. The smoothed value 
was assigned to the middle day of the three-day period. These means 
were computed for the precipitation categories only and are Listed in the 
right-hand columns of the Appendix tab Les. The smoothed daily mean 
precipitation amounts for the precipitation days were computed by divid-
ing the total precipitation for the three days by the number of occurrences 
for the same period. This value was assigned to the middle day. No 
running means were computed for the no-precipitation days because that 
information may be obtained by subtracting the mean of the precipitation 
days from 80. 
The smoothed daily frequency values were plotted in Figures 1 and 2. 
The three curves plotted show the number of days with. 01 to. 09 inches, 
. 01 to . 49 inches, and with . 01 inch or greater precipitation. The areas 
between the curves show the number of days with . 10 to . 49 inches pre-
cipitation and . 50 inch or more precipitation. For the . 01 to . 09 cate-
gory from mid-June through mid-Novemb e r, the daily frequency is 
g enerally less than ten occurre nces in the 80 years, or less than a 
probability of 13%, while, for the other portions of the year, the fre-
quency is slightly greater. Similarly, the accumulation of the first two 
categories shows daily frequencies above twenty occu rrences in the 80 
years for the months March through June, and Less than twenty for the 
re st of the year. Except for the same period (March-June), the two 
curves are roughly parallel. The divergenc e can be attributed to moder-
ate showers which predominate in the spring. The upper curve follows 
the middle curve quite closely during the winter months, November 
through February, indicating that the frequency of heavy precipitation 
for this period is small. There is, however, a noticeable divergence of 
the two upper curves beginning in April and ending in Late October. This 
indicates an increase in the frequency of occurrence or proportion of 
heavier amounts of precipitation, usually associated with summertime 
thunder storm activity. 
The 3-day smoothed values of the mean daily precipitation were plot-
t e d in Figures 3 and 4. Since the 3-day moving ave rage still vacillates 
considerably, the monthly precipitation mean (i.e., total precipitation 
for a month divided by the number of precipitation days for that month) 
was plotted at the mid-point of the respective month and connected with 
a smooth curve. This .curve brings out more clearly two features. The 
first is that summertime daily precipitation amounts average over twice 
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Figure 1. Smoothed (3-day means) number of daily precipitation occur-
rences in 80 years, January through June, for the three precipi tation 
cate gories (. 01-. 09 i nch, . 01-. 49 inch, . 01 inch or greater). The 
area between the curves gives the frequency of precipitation occur-
renc e s between . 10 arid . 49 inches and . 50 inch or greater. 
5 i -;-~~';-"--"-~~~__J_~~::-:':--.L.-:--,--:1:,~--,'' i":-:''.,,_'n ,~. ·tt~~:':f~O ~O .· J 
Figure 2. Smoothed (3-day means) number of daily precipitation occur-
rences in 80 years, July through December, for the three precipita-
tion categories (.01- . 09 inch, .01-.49 inch, .01 inch or gr eater). 
The area between the curves gives the frequency of precipitation oc-
currences between .10 and .49 inches and .50 inch or greater. 
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Figure 3. S~~~thed {3:d~y me;~"s ) daily.precipit~tion am~·i::i:nts as com-
pared with smoothed curve through mean monthly daily average plot-
ted at mid-month, January th~ough June . 
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Figure 4. Smoothed (3-day means) daily precipitation amounts as com-
pared with smoothed curve through mean monthly daily average plot-
ted at mid-month, July through December. 
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those of winter. The second is that, following a June maximum, there 
is a plateau extending through July and August, with a slight decline in 
September, then considerably Lower amounts in the winter months. 
In comparing the curve of the mean daily amounts of precipitation 
from Fig. 2 with the frequency of precipitation occurrences of Fig. 1, it 
should be noted there is a Lag of about one-half month from the period of 
maximum precipitation occurrences to the maximum of the mean amount. 
The average occurrences of the four precipitation categories, as well 
as the average daily precipitation amounts by months, are Listed in 
Table I. 
Tab Le I. Percentage of occurrences of daily precipitation for indicated 
·amounts (over 80-year period August 1879-July 1958) and ave-
rage daily precipitation amount for precipitation occurrences .1 
Precip. Month 
81Dount 
in Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec, 
inches 
None 75 73 71 66 63 63 71 70 7l 75 77 75 
.01- .09 15 11 14 14 14 13 11 10 10 11 12 15 
.10-.49 9 9 12 14 14 14 11 11 11 9 8 8 
over .so l 2 3 6 9 10 7 8 8 5 3 2 
Precip. 
Avg. .15 .16 .20 .27 .36 .41 .38 .39 .38 .31 .23 .16 
1 These values differ from W.B. 'normals' and Long-term means where 
precipitation is divided by the total number of days, rather than only 
those with precipitation. 
Thus far, the treatment of the data has been concerned with establish-
ing unconditional probabilities of precipitation on a daily basis. As an 
aid in forecasting or in operational planning, consideration should be 
given to persistence of precipitation, or conditional probabilities. In 
other words, it is desirable to know, for some types of operations, the 
probabilities of the weather conditions for several consecutive days or 
for the subsequent day, given the previous day. 
Frequencies of days with . 01 inch or more precipitation were tabu-
lated with no overlapping or accumulation; that is, a period of exactly 
four successive days of precipitation was tabulated in just that category 
and not in any combination of three-day or Lesser periods. The periods 
of precipitation during the 80 years were arbitrarily assigned to the 
month in which the precipitation started. Although in the majority of 
cases the predominant number of days fell within the month to which the 
period was assigned, the monthly totals of the tables of the Appendix are 
not in agreement with the totals of the frequency periods. Also, because 
of counting error, there is a s Light discrepancy in the two over -all totals; 
however, the totals of the two countings differ by Less than 0.1% of the 
8, 502 precipitation days. These frequencies are included in Tab Le II as 
the "observed" and provide useful information for planning pu1·poses. 
For example, in the winter season, November through February, there 
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has been an average of between two and three occasions each year of 
prolonged precipitation, i.e., three days or more. Precipitation periods 
of four days or more have occurred on an average of just once each 
year. 
The estimated frequencies, assuming independence, are also shown 
in Table II, marked random estimates. If we designate the probability 
of precipitation occurring on any day as "p," the chance of a no-precipi-
tation day is "1-p," or "q" (1). If the data are independent, the chance 
of a precipitation day following a no-precipitation day is "qp." The 
chance for the following day to be a precipitation day is "p"; hence, the 
probability of starting a period of at Least two days of precipitation would 
be "qp2 ." Similarly, the probability of starting a period of at Least "n" 
precipitation days would be "qpn," provided there is no persistence. If 
there are "N" number of days under con side ration, the numb er of begin-
ning precipitation periods, runs of at Least one day, wcu ld be "Nqp." 
To compare the theoretical frequencies for the various Lengths of 
precipitation periods against the observed frequencies, the theoretical 
number of periods of two days or more were subtracted from the num-
ber of periods of one day or more; e.g., the single day precipitation 
occurrence would be equal to "Nqp-NqpZ." 
In calculating the Table II random estimate frequencies, the monthly 
total precipitation days were used to estimate "p." 
The observed, as well as the theoretical random estimate frequencies 
of precipitation periods show a decided decrease with Length of rain per-
iod. This decrease ranges from one-third to one-half of the frequency 
of the previous period. The greater Length precipitation periods seem 
to occur more in the spring months. The month of May contains not only 
the greatest actual number of precipitation days but also the periods of 
greatest Length. The Longest run of precipitation was twelve days. With-
out exception,the random estimate one-day occurrence is always greater 
than (almost double) the number observed. In the 2-day period, however, 
only the expected random estimate occurrences for the months of April, 
June and August are greater than the observed. In all Longer runs of 
precipitation days, the ob served frequencies are greater than the calcu-
lated random estimates. This indicates the existence of persistence, or 
nonindependence of the data. 
The accumulated frequencies of both the ob served and estimated 
periods of precipitation for the year are shown in Table III. The ratios 
between successive frequencies estimating the conditional probabilities 
of precipitation on the subsequent day, given precipitation today, are 
shown for both the observed and random estimate frequencies. 
These ratios may be taken as approximations of "P1," "Pz, 11 " ••• Pn," 
where "Pk" is the probability of precipitation on the following day, when 
"k" days immediately preceding were precipitation days. The ratios 
between the frequencies of successive periods of observed precipitation 
fluctuate, with the greatest difference occurring between the first and 
second days. Certainly, part of this may be attributed to the fact that 
precipitation occurring Late in the day and continuing past midnight be-
comes a 2-day frequency when, had the same storm occurred earlier in 
the day, it would have been just a single precipitation day. ALL ratios of 
the accumulated observed occurrences {Pk) exceed the -unconditional 
PROBABILITY OF PRECIPITATION 465 
T able II. Observed number and Length of rain periods i n days, including 
"random estimates" and Markov model estimates . 
Period in Da~a 2 3 4 5 6 8 9 10 11 12 Tota la 
Jan. Obaerved 210 113 26 10 5 3 l 604 
Random Eat. 346 84 20 5 2 0 0 604 
Markov 224 88 34 13 5 2 1 598 
Feb. Observed 202 102 30 17 4 584 
Randcm Eat. 321 83 22 5 2 583 
Markov 216 as 33 13 5 2 l 581 
Mar. Obaerved 240 135 43 14 3 1 716 
Random Eat. 362 105 30 8 3 l 715 
Markov 265 104 41 16 6 2 1 709 
Apr. Observed 183 116 63 28 15 2 2 0 0 l 827 
l.andom Eat. 355 123 42 14 5 2 l 0 0 0 827 
Markov 203 102 S2 26 13 7 3 2 1 820 
May ObHrved 242 146 63 20 8 5 3 0 1 l 2 l 947 
Random lat. 362 138 S3 20 7 3 l l 0 0 0 0 945 
Markov 256 123 S9 28 14 7 3 2 1 949 
June ObHrved 243 126 63 24 10 4 l 0 2 879 
Random Eat. 353 129 48 17 6 3 1 0 0 878 
Markov 255 118 S4 25 12 s 2 l 865 
July ObHrved 245 122 39 lS 4 4 l 717 
Random Eat. 363 104 31 8 3 1 0 717 
Markov 258 103 41 17 7 3 l 715 
Aug. Observed 267 104 56 13 7 3 3 739 
Random Eat. 364 109 32 10 3 l 0 739 
Markov 266 107 43 17 7 3 1 737 
Sept. ObHrved 202 119 44 16 12 3 1 721 
Random Eat. 353 lOS 32 10 3 1 0 720 
Markov 219 98 44 20 9 4 2 1 718 
Oct. ObHrved 155 109 39 16 8 0 1 1 0 1 619 
l.andom Eat. 349 87 22 5 2 0 0 0 0 0 619 
Markov 176 82 38 18 8 4 2 1 612 
Nov. Obaerved 181 110 26 7 2 3 535 
Random Eat. 323 72 16 4 1 0 536 
Markov 201 77 30 11 4 2 528 
Dec. Obaerved 182 117 29 19 3 l 2 614 
Random Eat. 348 86 21 5 2 0 0 613 
Markov 203 86 37 16 7 3 1 610 
Year Obaerved 2552 1419 511 119 81 29 15 l 3 3 2 l 8502 
Random Eat. 4275 1243 362 lOS 30 9 3 1 0 0 0 0 8500 
Markov 2727 1182 512 222 96 42 18 8 3 1 l 8481 
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Table III. Accumulated frequencies of periods of nor more consecutive 
precipitation days. 
Length of 
precipitetion 2 4 5 6 8 9 10 11 12 
in da • 
Freq. obaerved 4816 2264 845 334 135 54 25 10 6 3 
llatio of freq. .47 .37 .40 .40 .40 .46 .40 
Freq. randOlll eat. 4275 1243 362 105 30 3 
llatio of eat. .29 .29 .29 .29 .30 .33 
Freq. Markov model 4812 2085 903 391 169 73 31 13 5 
B.atio of freq. .43 .43 .43 .43 .43 .42 .42 
precipitation probability of 29% (obtained by dividing the total number 
of precipitation occurrence days by the number of days in the 80-year 
period). Due to the small number of occurrences of Long runs, the 
ratios between the frequency periods in this area break down. 
A chi-square test (3) showed the difference between the observed and 
random estimate frequencies highly significant, thereby supporting the 
reality of persistence. 
Probably the most simple model which considers persistence, and 
one suggested by Caskey (2), is the Markov chain. Accordingly, the 
observed and random estimates were compared with those obtained by 
this model (see Table II). In the Markov chain model, it is assumed that 
the probability of precipitation on any day depends only on conditions of 
the previous day and not upon any prior sequence. The probability of a 
precipitation period of exactly "n' 1 days is the product of: (1) the uncon-
ditional probability of a dry day, "l-P1"; (2) the conditional probability, 
"Pol•" or a precipitation day following a dry day; (3) the conditional 
probability, "P11n-l, 11 of ' 1n-l 11 precipitation days following a precipita-
tion day; and (4) the conditional probability, "l-P11 , 11 of a dry day follow-
ing a precipitation day to end the series. Again, the unconditional prob-
ability, "P1, 11 of a precipitation day, is ' 1n/N, 1 ' where "n" is the number 
of precipitation days and "N" is the total number days in the record. If 
"N" is the total number of days in the record, then the frequency, "Fn," 
of exactly "n" consecutive precipitation days can be expressed as 
F n = N Pol (1 - Pi) (1 - Pu) Pu n-l 
These conditional probabilities can be determined from the" Ob served" 
data in Table II as follows: 
Pol is the quotient of the number of precipitation days following a 
dry day (the sum of the frequencies for the various n-day periods}, 
divided by the total number of dry days; e.g., for January this 
equals: 
210 + 113 + 26 + 10 + 5 + 3 + 1 
2480 - 604 
368 
1876 .196 
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P 11 is estimated by the quotient of the number of precipitation 
days followina a precipitation day divided by the tota.l number 
of precipitation days; e.g., for January 
113 + 2(26) + 3(10) + 4(5) + 5(3) + 6(1) 
604 
236 
b04 
. 39 
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The probabilities as determined by the Markov chain mode L are also 
included in Table II. Except for the second precipitation day, this model 
represents a better fit of the observed data than does the random esti-
mate. However, the total number of precipitation days is slightly Less 
than either the "Ob served" or the "Random Estimate." 
A chi-square test of the Markov model did not test significantly dif-
ferent from the observed frequencies for the months of greater frequency 
of the heavier precipitation amounts; i.e., the summer months, June 
through September. For the remainder of the year, however, the model 
does not furnish a satisfactory fit, although it is probably more realistic 
than the random estimates. 
APP LI CATION 
The frequencies of the number of days with various amounts of pre-
cipitation in Figures 1 and 2 provide a base for Long-range planning or 
scheduling events and considering the probability of weather delays in 
outdoor construction work or any operation in which the occurrence of 
precipitation may either hinder or prevent the activity. Outdoor con-
crete pouring, painting, farm operations, or the scheduling of a 3-day 
county fair are examples of application for these unconditional proba-
bilities. 
The conditional probabilities are of interest to the weather forecaster 
in gaging forecast skill over climatology in short-range forecasts, and 
they may a Lso have cost/benefit planning value for operations having 
several alternatives after the first day of operation. Examples of use 
of these 2- or 3-day persistence tendencies, or rain on the second and 
thi rd days, given rain on the first, are more elusive, since in actual 
operation the. management should consider a short-range forecast for 
1-3 day planning rather than climatology. Selection of alternatives 
would have to be in the Long-range planning stage. For example, for 
the 3-day county fair planning use mentioned above, the fair management 
board may have contracted a major entertainment firm which has stipu-
lated its needs for a dry outdoor stage or, if held indoors, a minimum 
overhead space which is considerably in excess of any existing building. 
The entertainment firm requires a two-night guarantee, but plans to 
operate all three, weather permitting. Assuming average persistence 
in July, the fair board calculates the probabilities of all three days with 
rain {from Tab Le II) as 
39(3) + 15(4) + 4(5) + 4(6) + 1(7) 
80(31) 0.09. 
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Similarly, the probability of two consecutive days is 0 .19. After con-
sidering the cost of a temporary roof with the odds of requiring one, the 
board decides against any temporary protection over . the stage. Since 
the probability of rain on the first day of the fair, given rain on the pre-
ceding day, is 
122 + 2(39) + 3(15) + 4(4) + 5(4) + 6(1) 
717 
387 
71 7 
0.54 
and the probability of rain on the first two days is 0. 54 2 = 0. 29, the 
board decides that it cannot overlook the chance of rain, if rain has 
occurred the day or two before the fair begins. While the final planning 
will be on the basis of weather forecasts, the board takes precautions 
by arranging to collect materials for an overnight stage covering if there 
is rain on the day before the fair begins. The fair board may also de-
cide it cannot afford to take this risk itself and apply for rain insurance. 
The insurance company would then use the climatological estimates to 
determine the premium rates. 
CONCLUSIONS 
1. The data contained in the climatological records have been developed 
whereby the probabilities of precipitation occurrences, as well as 
quantitative amounts, can be estimated for periods any time in the 
future. 
2. Persistence is a real meteorological phenomenon which can be util-
ized as another forecast probability tool. 
It is not intended that the described procedures should replace synop-
tic forecasting but be used as preliminary estimates for operational 
planning and then be revised by the synoptic situation when feasible. 
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DA TA APPENDIX 
The seven columns on the Left side of the pages after the "Date" col-
umn are the observed frequencies of the four categories. The columns 
headed as "TPO" contain the total pr ecipitation occurrences . The col-
umn Labelled "Total Precipitation" is the aggregate of all measurements 
on that date for the 80 years of record and the mean is this total divided 
by the number of occurrences. Therefore, thes e daily means are dif-
ferent from the "Normal" precipitation values as used by the Weather 
Bureau and are not additive to obtain weekly, monthly, and annual "nor-
mals." 
The five columns on the right are three-day running means with the 
smoothed value assigned to the middle day of the three-day period. 
Table A-1. Daily precipitation occurrences for January (1879-1958). 
OBSERVED SMOOTHED 
DATE 
Category Amounts Cateqorv Amts 
.01- .10- Total .01- .10-
None .09 .49 <.so TPO Pcpn Mean .09 .49 <.SO TPO Mean 
l S9 11 6 4 21 5.29 .2s 12 7 2 21 .20 
2 59 12 7 2 21 3.43 .16 10 6 3 19 .21 
3 64 7 6 3 16 3.45 .22 10 8 2 20 .18 
4 56 11 11 2 24 4.26 .18 10 9 3 21 .21 
5 S6 11 9 4 24 5.60 .23 13 9 2 24 .16 
6 57 17 6 0 23 l. 70 .07 12 7 2 21 .16 
7 64 9 6 l 16 2.50 .16 12 5 0 18 .10 
8 65 11 4 0 15 1.26 .08 9 6 l lS .15 
9 65 6 7 2 15 3.34 .22 8 5 l 14 .14 
10 67 8 5 0 13 1.30 .10 9 5 l 15 .16 
11 62 13 3 2 18 2.53 .14 9 6 l 16 .17 
12 62 7 9 2 18 4.49 .25 9 8 l 19 .18 
13 60 7 13 0 20 3.06 .15 9 10 1 19 .17 
14 61 12 7 0 19 2.24 .12 10 9 1 21 .17 
15 57 11 8 4 23 s.oo .22 10 9 1 20 .17 
16 62 7 11 0 18 2.88 .16 12 8 l 21 .15 
17 57 17 6 0 23 1.65 .07 11 10 0 21 .14 
18 58 10 12 0 22 3.98 .18 13 8 0 22 .12 
19 60 12 7 l 20 2.38 .12 12 10 l 23 .15 
20 54 14 11 1 26 3.75 .14 12 8 l 20 .12 
21 65 9 6 0 15 1.33 .09 10 8 0 19 .12 
22 65 8 7 0 lS 1.80 .12 10 7 0 18 .11 
23 57 14 8 l 23 2.78 .12 13 6 1 20 ,09 
24 58 17 4 l 22 1.06 .05 13 5 2 20 .13 
25 64 9 4 3 16 3.88 .24 13 6 2 20 .13 
26 57 13 9 1 23 3.24 .14 10 6 2 18 .19 
27 64 9 5 2 16 3.55 .22 11 6 l 18 .16 
28 64 12 3 l 16 2.21 .14 12 4 l 17 .16 
29 60 14 5 1 20 2.59 .13 14 6 l 21 .11 
30 54 17 9 0 26 2.15 .08 15 7 0 23 .10 
31 58 lS 7 0 22 2.09 .10 14 6 0 21 .10 
T otals 11871 350 221 38 609 90. 77 .15 
Means 60 11 7 l 20 
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Table A-2. Daily precipitation occurrences for February (1879-1958). 
OBSERVED SMOOTHED 
Category Amounts Category Arnts 
DATE .01- .10- Total .Ol- olO-
None • 09 .49 < .so TPO Pcpn Mean • 09 .49 <.so TPO Mean 
l 65 12 2 1 lS 1.33 .09 13 4 0 18 .00 
2 64 13 3 0 16 1.05 .07 12 4 l 16 .10 
3 62 10 7 1 18 2.S7 .14 12 7 1 20 .14 
4 54 14 10 2 26 4.48 .17 12 8 1 22 .16 
s 59 12 8 1 21 3.08 olS 1 4 9 2 24 .17 
6 54 15 9 2 26 4.56 .17 12 8 1 22 .ls 
7 62 10 7 1 18 2.26 .13 13 7 2 22 .17 
8 S8 15 s 2 22 4.51 .21 12 5 1 18 .16 
9 66 10 3 1 14 l. 70 .12 13 s 1 19 .15 
10 60 13 7 0 20 2.00 .10 11 6 0 18 olO 
11 60 11 9 0 20 1. 79 .09 11 8 1 20 .14 
12 59 10 8 3 21 5.03 .24 12 8 3 23 .19 
13 53 14 8 5 27 5.76 .21 12 9 3 24 .18 
14 56 12 12 0 24 2.26 • 09 14 8 2 23 .14 
15 61 15 4 0 19 1.53 .08 13 8 l 21 .12 
16 59 11 7 3 21 3.82 .18 14 6 2 22 .14 
17 54 16 8 2 26 3.64 .14 12 6 3 21 .16 
18 64 10 3 3 16 2.86 .18 11 6 2 20 .17 
19 62 8 8 2 18 3o75 .21 10 6 2 18 .19 
20 60 11 7 2 20 3.46 .17 11 7 2 20 .16 
21 59 14 6 l 21 2.45 .12 12 8 1 21 .14 
22 57 11 12 0 23 3.27 .14 12 9 1 21 .14 
23 60 10 8 2 20 3.34 .17 12 10 1 23 .16 
24 53 16 9 2 27 4 .29 .16 12 8 2 22 .18 
25 61 9 8 2 19 4.41 .23 13 8 2 22 .17 
26 59 1 4 6 1 21 2.43 .12 10 8 2 20 .19 
27 60 7 1 2 20 5.16 .26 10 9 2 21 .19 
28 59 10 9 2 21 4 . 11 .20 1 0 8 2 20 .21 
29 12 4 3 0 7 
T otals 1660 330 204 43 580 96.69 .16 
Means 59 12 7 2 21 
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Table A-3. Daily precipitation occurrences for March (1879-1958). 
OBSERVED SMOOTHED 
DATE Category Amounts Category Amts 
• Ul - .lU- Total .Ol- .lu-
None • 09 .49 <.so TPO Pcpn Mean .09 .49 <.so TPO Mea 
l 62 13 3 2 18 3.11 .17 10 6 2 18 .1 
2 66 7 5 2 14 2.81 .20 10 4 3 17 .2 
3 60 11 5 4 20 4.9S .25 10 8 2 20 .1 
4 S3 13 14 0 27 3.88 .14 12 9 3 24 .1 
5 56 12 8 4 24 4.96 .21 15 11 1 27 .1 
6 Sl 19 10 0 29 2.67 .09 lS 9 1 25 .1 
7 SB 13 9 0 22 2.00 .09 13 10 l 24 • J. 
8 60 8 10 2 20 4.51 .22 10 10 1 21 .1 
9 S8 10 10 2 22 4.49 .20 12 9 2 23 .2 
10 54 17 7 2 26 4.2S .16 12 10 2 24 o2 
11 S7 10 12 1 23 6. 77 .29 11 10 2 23 .2 
12 61 7 10 2 19 3.97 .21 10 11 2 23 .2 
13 53 13 10 4 27 6.23 .23 11 10 3 24 .2 
14 53 14 10 3 27 5.69 .21 lS 9 3 24 .2 
15 53 17 7 3 27 6.96 .26 13 8 3 24 .2 
16 61 9 8 2 19 3.55 .19 11 8 2 21 .2 
17 62 7 10 1 18 3.02 .17 9 10 4 23 .2 
18 49 12 11 8 31 9.96 .32 10 10 4 24 .2 
19 57 11 10 2 23 4.33 .19 11 10 4 25 .2 
20 58 10 J.O 2 22 4.40 .20 10 9 2 22 .1 
21 60 10 8 2 20 3.42 .17 9 11 2 22 .2 
22 56 8 15 1 24 5.10 .21 10 10 1 21 .1 
23 61 11 7 1 19 2.94 .ls 10 12 1 23 .1 
24 54 11 13 2 26 4.93 .19 12 1 .0 2 24 .1 
2S 53 14 10 3 27 5.19 .19 11 12 3 26 .2 
26 56 8 12 4 24 6.91 .29 10 11 3 24 .2 
27 58 9 10 3 22 s. 08 .23 10 11 4 24 .2 
28 53 13 10 4 27 6.59 .24 10 9 3 22 .2 
29 63 7 8 2 l7 2.90 .17 10 9 4 23 .2 
30 56 10 9 5 24 6.10 .2s 10 9 3 23 .2 
31 S3 14 11 2 27 4.41 .16 11 9 4 23 .2 
T otals 1765 348 292 75 715 146.07 .20 
Means S7 11 9 2 23 
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Table A-4. Daily precipitation occurrences for April (1879-1958). 
OBSERVED SMOOTHED 
DATE Category Amounts Category Arnts 
• Ul- olO- Total .01- .10-
None • 09 .49 <.so TPO Pcpn Mean • 09 .49 <.so TPO Mean 
l 61 8 7 4 19 4.79 .25 12 9 2 23 .17 
2 57 14 9 0 23 2.78 .12 10 10 2 22 .21 
3 55 9 13 3 25 6061 .26 10 11 2 23 .22 
4 59 7 10 4 21 6.10 .29 8 11 3 23 027 
5 58 8 11 3 22 5o50 .25 9 12 4 25 .27 
6 47 12 16 5 33 9.01 .27 12 12 4 28 .25 
7 52 15 8 5 28 6.35 .23 13 10 6 29 .27 
a 55 11 7 7 25 7.69 .31 12 8 6 27 .28 
9 53 10 10 7 27 8.33 .31 10 9 6 26 .32 
10 55 9 11 5 25 8.75 .35 10 11 6 26 .31 
11 54 10 11 5 26 7.35 .28 9 11 5 25 .30 
12 56 8 11 5 24 6.50 .27 11 11 4 26 .23 
13 51 15 12 2 29 4.28 .15 11 13 3 26 .20 
14 53 9 15 3 27 5.16 .19 11 13 5 28 .24 
15 51 9 11 9 29 11.15 .38 9 12 5 26 .29 
16 56 10 10 4 24 7.21 .30 10 8 6 25 .34 
17 59 11 4 6 21 7.12 .34 11 10 4 25 .26 
18 51 12 15 2 29 5.00 .17 11 10 4 25 .24 
19 54 11 10 5 26 6.40 .25 11 14 5 30 .25 
20 44 10 17 9 36 11.55 .32 10 13 6 30 .28 
21 52 10 13 5 28 7.32 .26 10 14 6 30 .28 
22 55 10 11 4 25 6.28 .25 11 12 5 29 .31 
23 47 13 13 7 33 12.74 .39 10 13 5 28 .32 
24 53 8 16 3 27 7.89 .29 12 13 5 29 .32 
25 52 14 10 4 28 7.10 .25 10 13 4 28 .28 
26 53 9 12 6 27 7.69 .28 12 12 4 28 .23 
27 52 12 13 3 28 4. 71 .17 13 14 4 31 .22 
28 42 18 16 4 38 8.40 .22 14 14 5 33 .22 
29 46 13 14 7 34 9.36 .28 15 12 7 34 .27 
30 51 13 7 9 29 10.20 .35 11 13 7 31 .30 
T OTALS 1584 328 343 145 816 219.32 .27 
MEANS 53 11 11 5 27 
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Table A-5. Daily precipitation occurrences for May (1879-1958). 
OBSERVED SMOOTHED 
Catetorl Amounts Category Amts 
DATE 0 0- .10- Total .ui- .J.U-
None .09 .49 <.so TPO Pcpn Mean .09 .49 <.so TPO Mee: 
1 49 8 18 s 31 8.SS .28 13 11 6 31 . .:: 
2 48 18 9 s 32 9.34 .29 13 13 s 31 ,. 0 "-
3 so 13 12 s 30 8.S4 .28 14 10 s 29 . .:: 
4 S6 10 10 4 24 7.82 .32 13 11 s 29 . .:: 
s 48 lS 10 7 32 11.ss .36 12 10 6 28 . ,; 
6 S2 11 10 7 28 7.34 .26 14 10 7 31 . ,; 
7 47 16 11 6 33 9.S2 .29 13 11 6 30 , .. 
8 Sl 12 12 s 29 7.98 • 28 12 11 8 31 . .:
9 so 8 9 13 30 13.9S .47 11 12 9 32 . .:
10 43 12 lS 1 0 37 13.93 .38 11 9 11 31 .i 
11 S3 12 4 11 27 17.96 .66 12 11 9 32 .L 
12 48 12 13 7 32 8.48 .27 11 11 9 31 
·' 
13 47 10 lS 8 33 12.7S .39 12 13 7 32 
. '
14 49 14 11 6 31 8.76 .28 12 13 6 31 .. 
lS 52 11 12 5 28 8.65 .31 13 11 5 29 ' ..
16 Sl 14 11 4 29 8.14 .28 11 13 6 30 .. 
17 46 8 16 10 34 13.14 .39 9 12 8 29 .. 
18 51 6 8 9 23 11.09 .48 10 10 8 28 .. 
19 S2 15 7 6 28 6.S9 .24 12 12 8 28 .. 
20 47 14 11 8 33 10.lS .31 14 10 7 31 . '
21 49 12 11 8 31 10. 76 .35 13 11 8 32 . ' 
22 49 12 12 7 31 10.56 .34 10 11 7 28 .. 
23 57 7 9 7 23 9.19 .40 11 12 6 29 .. 
24 48 13 15 4 32 10.9S 034 10 12 7 29 . ' 
25 49 10 12 9 31 13.25 .43 11 12 7 31 . 
26 so 10 12 8 30 12oll .40 9 12 8 30 .. 
27 52 7 13 8 28 14.67 052 8 12 8 28 . 
28 54 7 10 9 26 14.91 .57 9 11 8 28 . 
29 49 12 11 8 31 9.78 .32 12 11 8 31 . 
30 4S 16 11 8 35 14.28 .41 12 12 8 32 . 
31 49 8 14 9 31 13.97 .45 12 13 10 35 . 
T otals 1547 353 354 226 933 339.69 • 36 
Means so ll ll 7 30 
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Table A-6. Daily precipitation occurrences for June (1879-1958). 
OBSERVED SMOOTHED 
DATE Category Amounts Cates:or~ Amts 
.01- .10- Total .01- .1 -
None .09 .49 <.SO TPO Pcpn Mean .09 .49 <.SO TPO Mean 
1 42 11 13 14 38 15.80 .42 11 15 10 36 .37 
2 42 lS 17 6 38 10.32 .27 15 12 8 3S .31 
3 S2 19 s 4 28 6.37 .23 16 10 6 32 .31 
4 so 13 8 9 30 13.14 .44 16 7 8 31 .36 
s 4S lS 9 11 35 14.27 .41 13 10 9 33 .43 
6 46 12 14 8 34 14.76 .43 13 11 10 34 .43 
7 47 11 11 11 33 14.36 .44 12 12 8 33 .41 
8 49 14 11 6 31 11.48 .37 11 12 9 33 .43 
9 46 9 lS 10 34 16.33 .48 11 12 9 32 .48 
10 50 9 10 11 30 17. 72 .59 10 12 9 31 .51 
11 S2 11 11 6 28 l2.S2 .4S 10 11 9 30 .56 
12 48 10 13 9 32 18.83 .S9 9 12 8 29 .S2 
13 S2 s 13 10 28 14.17 .Sl 9 13 9 31 .48 
14 47 12 12 9 33 11.83 .36 8 13 9 30 .44 
15 52 6 14 8 28 13.18 .47 10 13 6 28 .34 
16 56 11 12 l 24 4.00 .17 7 12 5 24 .37 
17 59 5 11 5 21 9.78 .47 9 10 7 26 .39 
18 47 12 6 15 33 16.39 .so 10 10 8 28 .45 
]_9 50 13 12 5 30 11.25 .36 12 11 10 33 .47 
20 45 10 14 11 35 18.26 .52 13 13 7 33 .37 
21 45 16 14 5 35 9.00 .26 12 13 7 32 .38 
22 53 10 11 6 27 9.63 .36 10 12 6 28 .33 
23 59 3 10 8 21 9.05 .43 8 10 .9 27 .52 
24 48 11 8 13 32 22.25 .70 8 10 10 28 .51 
25 48 11 12 9 32 12.40 .39 10 10 10 30 .49 
26 55 8 11 6 25 9.24 .37 9 11 8 28 .43 
27 52 7 11 10 28 15.03 .54 9 11 7 26 .44 
28 54 11 10 5 26 10.88 .42 10 10 6 26 .42 
'.9 56 11 9 4 24 7.19 .30 10 10 5 25 .33 
lO 55 8 12 5 25 6.89 .28 10 10 5 24 .29 
>tals 1502 319 339 240 898 376.32 .42 
1eans 50 11 11 8 30 
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Table A- 7. Daily precipitation occurrences for July (18 79-195 8). 
DATE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
tals To 
M eans 
OBSERVED 
Category Amounts 
• 01- olO- Total 
None .09 .49 <.so TPO Pcpn 
S6 11 8 s 24 7.31 
S2 13 10 s 28 11.44 
49 10 12 9 31 11.44 
47 16 8 9 33 10.23 
58 8 9 5 22 7 .03 
55 7 12 6 25 11.87 
55 7 13 5 25 8.66 
61 3 9 7 J.9 9 . 93 
56 6 11 7 24 10.98 
55 13 5 7 25 8.87 
57 9 11 3 23 5066 
62 7 6 5 18 6.17 
60 11 6 3 20 4.4S 
51 9 14 6 29 1,5.51 
60 7 8 5 20 6.96 
S4 9 8 9 26 11 . 91 
52 10 14 4 28 7.53 
54 8 10 8 26 10 . 29 
S4 8 14 4 26 12.63 
S9 8 6 7 21 8.97 
S4 11 6 9 26 10.S9 
62 13 3 2 18 2 . 29 
61 4 8 7 19 9.09 
66 4 4 6 14 -8.40 
62 8 6 4 18 S.60 
63 7 9 1 17 3.34 
56 8 , 7 9 24 8.84 
54 9 , 10 7 26 10.06 
62 5 8 5 18 9.14 
60 7 7 6 20 7.20 
56 9 11 4 24 7. 77 
1763 265 273 179 717 270 . 37 
57 9 9 6 23 
SMOOTHED 
Category Amts 
.01- olo- · 
Mean 009 049 <.SO· TPO 
.30 11 10 s 26 
.41 11 10 6 28 . 
.37 13 10 8 31 
.31 11 10 8 29 
.32 10 10 7 27 
.47 7 11 5 . 24 
.35 6 11 6 23 
.52 5 11 6 23 
.46 7 8 7 23 
.35 9 9 6 24 
.25 10 7 5 22 
.34 9 8 4 20 
.22 9 9 5 22 
.S3 9 9 s 23 
.35 9 · 10 7 25 
.46 9 10 6 25 
.27 9 11 7 27 
.40 9 13 5 27 
.49 8 10 6 24 
.43 9 9 7 24 
.41 11 5 6 22 
.13 9 6 6 21 
.48 7 5 5 17 
.60 5 6 6 17 
.31 6 6 4 18 
.20 8 7 s 20 
.37 8 9 6 22 
.39 7 8 7 23 
.51 7 8 6 21 
.36 7 8 5 21 
.32 7 8 7 24 
.38 
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Table A-8. Daily precipitation occurrences for August (1879-195 8). 
DATE 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
0 
M 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
tals 
eans 
OBSERVED 
Category Amounts 
0 01- .10-
None 0 09 .49 <.so TPO 
52 12 5 11 28 
S3 9 10 8 27 
59 9 5 7 21 
61 2 10 7 19 
46 15 15 4 34 
49 9 15 7 31 
56 14 5 5 24 
58 8 10 4 22 
58 9 8 5 22 
58 8 6 8 22 
Sl 10 12 7 29 
S6 11 8 5 24 
Sl 13 11 5 29 
56 12 5 7 24 
54 9 11 6 26 
48 9 14 9 32 
51 7 11 11 29 
S7 11 8 4 23 
61 6 6 7 19 
52 13 11 4 28 
61 8 6 s 19 
54 9 11 6 26 
59 12 4 5 21 
57 6 8 9 23 
58 6 9 7 22 
55 9 7 9 25 
58 9 11 2 22 
65 3 8 4 15 
58 8 12 2 22 
61 11 4 4 19 
61 7 7 5 19 
1734 284 273 189 746 
56 9 9 6 25 
SMOOTHED 
C:ategory Amts 
Total • 01- .1u-
Pcpn Mean .09 .49 <.so TPO 
13.00 .46 10 9 8 26 
10.88 .40 10 7 9 25 
8.79 .42 7 8 7 22 
8.94 .47 9 10 6 25 
7.67 .23 7 13 6 28 
9.99 .32 11 12 5 30 
S.83 .24 10 10 5 26 
5.76 .26 10 8 5 23 
8.62 .39 8 8 6 22 
12.74 .58 9 9 7 28 
12.55 .43 10 9 7 25 
10.9S .46 11 10 6 27 
9.34 .32 12 8 6 26 
12.38 .52 11 9 6 26 
14.46 .56 10 10 7 27 
13.21 .41 8 12 9 29 
14.5S .so 9 l1 8 28 
5.24 .23 8 8 7 24 
9.36 .49 10 8 5 23 
8.09 .29 9 8 5 22 
8.04 .42 10 9 5 28 
8.41 .32 10 7 5 22 
8.75 .42 9 8 7 23 
13.0S .57 8 7 7 22 
8.66 .39 7 8 8 23 
13.14 .53 8 9 6 23 
5.35 .24 7 9 5 21 
6.40 .36 7 10 3 20 
6.15 .28 7 8 4 19 
5.15 .27 9 8 4 21 
7.39 .39 9 6 5 20 
291.82 .39 
Mean 
.40 
.43 
.43 
.34 
.32 
.26 
.28 
.30 
.41 
.46 
.48 
.40 
.42 
.46 
.49 
.49 
.39 
.41 
.32 
.39 
.34 
.38 
.43 
.46 
.so 
.39 
.40 
030 
.32 
.30 
.35 
Table A-9. Daily precipitation occurrences for September (1879-1958). 
DATE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
tals To 
M leans 
OBSERVED 
Category Amounts 
.10- .10-
None .09 .49 <.so TPO 
S8 9 8 s 22 
55 10 8 7 2S 
S2 10 11 7 28 
60 8 7 s 20 
S6 8 12 4 24 
59 9 10 2 21 
S8 4 13 5 22 
57 6 .:!.O 7 23 
S4 9 11 6 26 
57 7 7 9 23 
S2 8 11 9 28 
S3 9 12 6 27 
S9 8 7 6 21 
S5 10 10 5 2S 
SS 8 7 10 2S 
SS 10 10 5 2S 
63 11 2 4 l7 
60 5 9 6 20 
S7 6 7 10 23 
SS 9 8 8 2S 
60 5 12 3 20 
57 9 10 4 23 
62 6 7 s 18 
61 10 s 4 19 
57 8 s 10 23 
S3 5 lS 7 27 
S3 10 9 8 27 
56 12 6 6 24 
56 9 8 7 24 
S2 16 8 4 28 
1697 254 265 184 703 
S7 8 9 6 23 
SMOOTHED 
Category Amts 
Total 0 01- .10-
Pcpn Mean .09 .49 <.so TPO Mean 
7.32 .33 9 8 6 22 .35 
8.S6 .34 10 9 6 2S .34 
9.64 .34 9 9 6 24 .34 
6.SO .33 9 10 s 24 .31 
6.29 .26 8 10 4 22 .29 
6.00 .29 7 12 4 22 .29 
6.92 .31 6 11 5 22 .37 
11.76 .51 6 11 6 24 .4C 
9.43 .36 7 9 7 24 .45 
11.SS .so 8 10 8 26 .4L 
11.36 .41 8 10 8 26 .4J 
8.93 .33 8 10 7 25 .4( 
10.13 .48 9 10 7 24 .3i 
7.68 .31 9 8 7 24 .4J 
11.54 .46 9 9 7 2S • 4E 
13.23 .S3 10 6 6 22 .4~ 
4.3S .26 9 7 5 21 .4~ 
8.84 .44 7 6 7 20 .31: 
9.S8 .42 7 8 8 23 .4~ 
9.9S .40 7 9 7 23 .3: 
S.89 .29 8 10 5 23 .3' 
7.S6 .33 7 10 4 20 .3E 
8. 71 .48 8 7 4 20 .3f 
6.30 .33 8 6 6 20 • 5( 
15.24 .66 8 8 7 23 • 4~ 
12.08 .4S 8 10 8 26 • 51 
10.92 .40 9 10 7 26 .31 
7.01 .29 10 8 7 2S • 3 ~ 
8.11 .34 12 7 6 2S .31 
7.59 .27 11 8 5 25 0 3~ 
268.97 .38 
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Table A-10. Daily precipitation occurrences for October (1879-1958). 
DATE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
tals To 
Me ans 
! 
OBSERVED 
Cate~orl Amounts 
• 1- .10-
None .09 .49 <.so TPO 
58 8 9 5 22 
54 15 8 3 26 
61 9 6 4 19 
60 9 5 6 20 
58 12 6 4 22 
56 8 9 7 24 
63 7 5 5 17 
58 11 7 4 22 
57 10 7 6 23 
55 8 12 5 25 
55 12 9 4 25 
57 10 8 5 23 
56 8 11 5 24 
60 9 8 3 20 
59 11 4 6 21 
57 9 11 3 23 
60 7 5 8 20 
62 8 7 3 18 
64 5 7 4 16 
63 8 7 2 17 
63 7 7 3 17 
58 13 7 2 22 
65 7 5 3 15 
66 7 3 4 14 
58 14 8 0 22 
59 7 12 2 21 
67 7 3 3 13 
65 5 4 6 15 
62 6 10 2 18 
59 7 13 l 21 
59 7 6 8 21 
1854 271 229 126 626 
60 9 7 4 20 
SMOOTHED 
Category Amts 
Total • 01- .10-
Pcpn Mean .09 .49 <.so TPO Mean 
7.24 .32 13 8 4 25 .26 
4.64 .18 11 8 4 22 .27 
6.15 .32 11 6 4 22 .31 
9.14 .46 10 6 5 20 .32 
4.00 .18 10 7 6 22 .33 
8.31 .34 9 7 5 21 .34 
9.35 .55 9 7 5 21 .37 
5.72 .26 9 6 5 21 .35 
6.36 .28 10 9 5 23 .29 
7.94 .32 10 9 5 24 .29 
6.83 .27 lO 10 5 24 .29 
6.64 .29 10 9 5 24 .29 
7.47 .31 9 9 4 22 .27 
4.21 .21 9 8 5 22 .35 
10.78 .51 10 8 4 21 .33 
6.10 .27 9 7 6 21 .45 
12.25 .11 8 8 5 20 .39 
5.57 .31 7 6 5 18 .41 
4.59 .29 7 7 3 17 .28 
3.82 .22 7 7 3 17 .25 
3.96 .23 9 7 2 19 .20 
3.47 .16 9 6 3 18 .21 
3.97 .26 9 5 3 17 .23 
4.08 .29 9 5 2 17 .20 
2.33 .11 9 8 2 19 .20 
5.14 .24 9 8 2 19 .21 
4.20 .32 6 6 4 16 .31 
5.94 .40 6 6 4 15 .34 
5.37 .30 6 9 3 18 .31 
5.68 .27 7 10 4 20 .37 
11.32 .54 9 9 6 22 .33 
192.57 .31 
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Table A-11. Daily precipitation occurrences for November (1879-1958). 
DATE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
tals To 
M eans 
t 
OBSERVED 
Category Amounts 
.01- .10-
None .09 .49 <.so TPO 
57 12 9 2 23 
62 7 7 4 18 
71 5 1 3 9 
64 4 8 4 16 
64 6 7 3 16 
63 8 7 2 17 
55 14 9 2 25 
60 8 8 4 20 
60 5 12 3 20 
59 11 6 4 21 
60 9 6 5 20 
65 4 7 4 15 
61 10 7 2 19 
57 14 4 5 23 
65 9 6 0 15 
63 8 6 3 17 
59 12 6 3 21 
66 9 4 1 14 
64 10 2 4 16 
60 11 8 1 20 
62 9 7 2 18 
63 7 8 2 17 
62 14 2 2 18 
70 6 4 0 10 
57 12 7 4 23 
60 13 6 1 20 
61 11 7 1 19 
61 12 6 1 19 
61 11 7 1 19 
64 7 7 2 16 
1 856 278 191 75 544 
62 9 7 3 18 
SMOOTHED 
Category Amts 
Total • 01- .10-
Pcpn Mean .09 .49 <.so TPO Mean 
4.54 .20 9 7 5 21 .33 
4.42 .25 8 6 3 17 .25 
3.48 .39 5 5 4 14 .30 
4.95 .31 5 5 3 14 .33 
4.95 .31 6 7 3 16 .26 
2.87 .17 9 8 2 19 .22 
4. 77 .19 10 8 3 21 .23 
6.32 .32 9 10 3 22 .28 
6.94 .35 8 9 4 20 .29 
4.38 .21 8 8 4 20 .35 
10.24 .51 8 6 4 19 .34 
4.69 .31 8 7 4 18 .34 
3.65 .19 9 6 4 19 .23 
4.57 .20 11 6 2 19 .17 
1.19 .08 10 5 3 18 .19 
4.85 .29 10 6 2 18 .21 
5.03 .24 10 5 2 17 .22 
1.68 .12 10 4 3 17 .24 
5.31 .28 10 5 2 17 .20 
2.97 .15 10 6 2 18 .23 
4.26 .24 9 8 2 18 .20 
3.92 .23 10 6 2 18 .22 
3.26 .18 9 5 1 15 .18 
1.14 .12 11 4 2 17 .18 
4.68 .20 10 6 2 18 .16 
2.92 .15 12 7 2 21 .17 
2.83 .15 12 6 1 19 .16 
3.37 .18 11 7 1 19 .17 
3.37 .18 9 7 1 18 .20 
3.86 .24 10 7 1 18 .18 
125.44 .23 
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Table A-12. Daily precipitation occurrences for December {1879-1958). 
DATE 
1 
2 
3 
4 
s 
6 
7 
8 
9 
10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
tals 
eans 
To 
M 
OBSERVED 
Category Amounts 
• 01- .10-
None .09 .49 <.so TPO 
61 11 7 l 19 
67 7 4 2 13 
58 10 10 . 2 22 
58 12 6 4 22 
51 17 9 3 29 
60 10 8 2 20 
61 14 3 2 19 
62 12 6 0 18 
55 15 7 3 25 
63 s 12 0 17 
65 8 6 1 15 
59 14 7 0 21 
60 13 4 3 20 
58 15 6 1 22 
65 7 7 1 15 
61 11 6 2 19 
58 16 6 0 22 
65 12 3 0 15 
63 11 s 1 17 
55 13 10 2 25 
60 12 7 l 20 
60 11 8 l 20 
60 13 6 l 20 
60 12 4 4 20 
61 12 5 2 19 
64 9 4 3 16 
59 14 6 l 21 
57 15 7 1 23 
66 7 6 1 14 
61 10 s 4 19 
58 12 9 l 22 
1871 360 199 so 609 
60 12 7 2 20 
SMOOTHED 
~ategory Amts 
Total .01- .10-
Pcpn Mean .09 .49 <.so TPO Mean 
2.69 .14 9 6 2 16 .19 
2.36 .18 9 7 2 18 .17 
3.97 .18 10 7 3 19 .20 
S.23 .24 13 8 3 24 .19 
4.72 .17 13 8 3 24 .20 
3.96 .20 14 7 2 23 • l 7 
2.84 .15 12 6 1 19 .15 
1.52 • 08 14 5 2 21 .13 
3.79 .15 11 8 l 20 .13 
2.60 .15 9 8 l 19 .17 
3.02 .20 9 8 0 18 .14 
1.83 .09 12 6 1 19 .15 
3.34 .16 14 6 l 21 .13 
2.81 .13 12 6 2 19 .16 
2.99 .20 11 6 l 19 .ls 
2.87 .ls 11 6 l 19 .15 
2.28 .10 13 s 1 19 .11 
1.21 .08 13 s 0 18 .10 
2.02 .12 12 6 l 19 .14 
4.53 .18 12 7 1 21 .14 
2.37 .12 12 8 1 22 .14 
2.36 .12 12 7 l 20 .12 
2.73 .14 12 6 2 20 .16 
4.75 .24 12 5 2 20 .23 
2.S6 .13 11 4 3 18 .20 
3.76 .24 12 5 2 19 .16 
2.61 .12 13 6 2 20 .13 
1. 71 .10 12 6 l 19 .11 
2.32 .13 11 6 2 19 .16 
4.89 .29 10 7 2 18 .20 
4.11 .19 11 7 2 21 .23 
94.75 .16 
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AGE AND GROWTH OF SAUGER, STIZOSTEDION 
CANADENSE (SMITH), IN LEWIS AND CLARK LAKE1 
C. David Vanicek2 
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Ames, Iowa 
AB ST RAC T. The s auger, St i z o st e di on can ad ens e (Smith), 
is an important game fish in Lewis and Clark Lake and 
the Missouri River up to Fort Randall Dam. Experi-
mental gill nets, frame nets, beach seines, a trawl, 
a n d an e L e c t r i c s h o c k e r w e r e u s e d t o c a p tu r e 9 5 3 s a u g e r 
from May through October 1962. The average condi-
tion factors were 29. 3 for reservoir sauger and 27. 9 
for river sauger. Condition factors increased with 
Length but showed no seasonal trend or sex differences. 
Both reservoir and river sauger increase in weight 
significantly faster than the cube of their Length. Anal-
ysis of covariance indicated a significant difference 
between the two Length-weight regression Lines. Giz-
zard shad, Dor o soma c e p e di an um, we r . e the pre dominant 
food of saugers. 
Age and growth were determined from the scales of 
531 sauger. The Largest growth increment was attained 
during the first year of Life, and no fish over age VI 
was taken. Multiple regression analysis indicated dif-
ferent growth responses for males and females, but the 
trends were not consistent. Growth was faster in the 
reservoir than in the river. The year 1962 was defi-
nitely a better-than-average year for growth of age 0 
1 Journa L Paper No. J -482 7 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No.1373. The field work was 
done while the author was employed as seasonal aid by the U.S. Fish and 
Wildlife Service, Bureau of Sport Fisheries and Wildlife, North Central 
Reservoir Investigations, Yankton, South Dakota. 
The author expresses his sincere gratitude and appreciation to Dr, 
Kenneth D. Carlander for guidance in this research project; to Dr. Nor-
man G. Benson and Charles H. Walburg and others of North Central 
Reservoir Investigations for advice and unlimited use of field data from 
the 1962 collection period; to Dr. Donald L. Hotchkiss of the Department 
of Statistics for assistance in the statistical treatment of the data; and to 
Robert Galentine and Leigh Fredrickson, Department of Zoology and 
Entomology, for the identification of parasites. 
2 Present address; Utah Cooperative Fishery Unit, Utah State University, 
Logan, Utah. 
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sauger. The year in which the reservoir was first 
filled, 1956, produced a particularly abundant year 
class. Growth of sauger in Lewis and Clark Lake is 
generally more rapid than in other waters which have 
been studied . Female sauger are significantly more 
abundant than male sauger in Later years of Life. 
INTRODUCTION 
Bailey and Allum (1962, p. 101) stated that "The Large dams on the 
Missouri River now block upstream migrations of the sauger, and large 
sport fisheries for it have developed in the reservoirs and in the tail-
waters. 11 Since _the sauger, Stizostedion canadense (Smith), is one of the 
most important fish in Lewis and Clark Lake and plays an important 
role in predator-prey relationships, a thorough understanding of its Life 
history is necessary for a sound management program. 
Lewis and Clark Lake, also known as Gavins Point Reservoir, is 
Located on the Missouri River, where the river forms the eastern end of 
the boundary between South Dakota and Nebraska. The reservoir is the 
smallest and southernmost of the six mainstem reservoirs constructed 
by the U.S. Army Corps of Engineers in the Missouri River Basin. The 
reservoir was constructed for purposes of (1) regulation of fluctuating 
discharges from Fort Randall Reservoir, 78 miles upstream, (2) hydro-
electric power, (3) flood control, (4) navigation, and (5) recreational 
development. The rolled-earth dam, which is Located four miles up-
stream from Yankton, South Dakota, was c Losed on July 31, 1955, and 
the reservoir reached planned elevation in June, 1956. 
The reservoir extends 37 miles upstream from the dam, ending about 
41 miles below Fort Randall Dam. It has a water-surface area of 33, 000 
acres, a capacity of 540, 000 acre-feet, and a 100-mile shoreline. The 
maximum depth is about 45 feet. The water Level normally fluctuates 
between 1, 204 and 1, 208 feet above sea leve L. The major portion of the 
reservoir's shore Line consists of steep, rocky banks but parts of. the 
reservoir have flat shorelines, some of which are intermittently flooded. 
Although the shoreline is relatively straight, there are several small 
bays, most of which mark the entrance of tributary streams. The Nio-
brara River enters the Missouri River about 3 miles above the reservoir 
and carries a Large amount of silt which is deposited at the upper end of 
the reservoir. The Lower end of the reservoir was cleared of timber 
and brush prior to the closure of the dam, but there are several areas of 
inundated timber in the upper half of the reservoir. Aquatic vegetation 
is relatively scarce in the reservoir. 
During the period of collection, the maximum surface temperature 
was 84° Fin the reservoir, 80°F in the river, and 72°F in the Fort Ran-
dall tailwaters. Secchi disk readings ranged from 3 inches in the upper 
reservoir to 36 inches near the dam, and from 1 inch at the mouth of the 
Niobrara to 60 inches in the Fort Randall tailwaters. Schmulbach and 
Sandholm (1962) found bottom fauna in Littoral zones to consist mainly of 
chironomids, Hexagenia, and oligochaetes. 
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The gizzard shad, Doro soma cepedianum, was the most abundant fish 
in both the reservoir and the river, and nearly all of this species were 
young-of-the-year. Other abundant species were carp, Cyprinus carpio; 
river carpsucker, Carpiodes carpio; freshwater drum, Aplodinotus grun-
niens; shortnose gar, Lepisosteus platostomus; white crappie, Pomoxis 
annularis ; sauger; channel catfish, Ictalurus punctatus; smaLLmouth buf-
falo, Ictiobus ~; shovelnose sturgeon, Scaphirhynchus platorynchus; 
and emerald shiner, Notropis atherinoides. 
METHODS AND MATERIALS 
The 953 sauger for this study were collected from May through Octo-
ber, 1962, with gi LL nets, frame nets, electric shocker, trawl, and seine 
(Table 1). The electric shocker took the Largest number of fish, mostly 
juveniles, while the experimental gill nets took the widest size range. 
Seining was difficult in the reservoir due to scarcity of suitable shore-
line areas. No definite habitat preference was revealed by the sampling; 
sauger were taken in most areas of the reservoir and at various depths. 
Table 1. Lengths of Lewis and Clark Lake and Missouri River sauger 
taken by various gear, May to October, 1962. 
Total Experi- 40-foot 
Length mental Frame Electric beach 
in inches gill net net shocker Trawl seine Total 
0.0- 1. 9 4 4 
2.0- 3.9 58 20 79 
4.0- 5.9 6 190 5 10 211 
6.0- 7.9 16 163 18 7 204 
8.0- 9.9 15 6 80 18 2 121 
10.0-11.9 37 14 21 6 78 
12.0-13.9 39 26 9 7 81 
14.0-15.9 30 15 4 2 51 
16.0-17.9 22 14 2 38 
18.0-19.9 16 11 4 31 
20.0-21.9 16 17 3 36 
22.0-23.9 12 4 16 
24.0-25.9 3 3 
Total 212 107 534 57 43 953 
ALL fish were measured to the nearest millimeter, using total Length 
(that di stance from the top of the snout to the tip of the caudal fin when 
compressed). Weights were recorded in ounces. 
Approximately 10 scales were removed from each fish from the area 
immediately behind the pectoral fin and just below the Lateral Line, and 
placed in a scale envelope. The date, Location, serial number, length, 
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weight, sex, and maturity were recorded on the enve Lope. At a Later 
date, 5 or 6 scales were removed from each envelope, and impressions 
of these scales were made on clear, plastic strips by using a roller 
press, as described by Smith (1954). These impressions were then ana-
lyzed at a magnification of 44X, using a scale projector, similar to that 
described by Van Oosten, Deason and Jobes (1934). 
Stomachs from a representative number of sauger were preserved in 
10% formalin and Later analyzed in the Laboratory. Young sauger were 
preserved whole. 
FOOD HABITS 
Stomachs of 133 sauger were analyzed, and 111 contained foo :d (Table 
2). Fish were the predominant item of the sauger's diet and were the 
only food in stomachs of sauger of age group II and older. The stomach 
analysis did not indicate any major difference in food habits between 
reservoir and river fish, although a higher percentage of reservoir fish 
stomachs contained gizzard shad. 
Insect Larvae and small crustaceans we re an important food for both 
young-of-the-year and yearling sauger in early summer. In June, insect 
Larvae, Largely chironomids, and cladocerans, mostly Daphnia, were 
found in 14 of the 16 stomachs of 0 and I age group sauger. In Late 
July and August, however, these particular food items were found in only 
a small percentage of the stomachs, and the majority of the stomachs 
contained fish, mostly Notropis. Fish become an important food source 
for sauger in its first year of Life. 
Young gizzard shad, the most abundant fish in the reservoir and river, 
were the most important food for both reservoir and river sauger. No 
shad remains were identified in the 30 sauger stomachs collected in June. 
Shad, first found in stomachs of sauger collected on July 12, were found 
after that date in nearly all stomachs in which the food remains could be 
identified. Gizzard shad were also the predominant food of Norris Res-
ervoir sauger (Dendy, 1945). The food chain in Lewis and Clark Lake is 
probably similar to the ''plankton-shad-game fish" food chain in Norris 
Reservoir discussed by Dendy. 
Although the emerald shiner was abundant in the upper reservoir and 
in the river, fish of this genus were identified in only 5% of the stomachs. 
Young of other fish species were found in 5% of the stomachs. Only one 
sauger had eaten young sauger. 
A parasitic nematode, Camallanus sp., was found in 3 stomachs of 
young-of-the-year sauger from the upper end of the reservoir in Late 
August. Another Camallanus was found protruding from the anus of an 
adult sauger taken in Late July in the Lower reservoir. Another parasitic 
nematode, Contracaecum sp., was found in the visceral mesentaries of 
two sauger taken in July, one from each end of the reservoir. 
CONDITION AND LENGTH-WEIGHT RELATIONSHIP 
The condition factor, C, is a relative measure of the plumpness, or 
well-being of a fish~ 
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Tab le 2. Number of sauger stomachs containing various food items. 
Lewis and Clark Lake and Miss ouri River, summer, 1962. 
Food item 0 I II and over 
Fish 
Dorosoma cepedianum 3 17 15 
Pomoxis spp. 1 2 
Carpiodes carpio 1 1 
Notropis spp. 5 2 
Cyprinus carpio 1 
Aplodinotus grunniens 1 
Ictalurus punctatus 1 
Ictalurus melas 1 
Stizostedion canadense 1 
Unidentified 14 18 15 
Crustacea 
Cladocera 1 8 
Copepoda 1 
Unidentified 3 
Insecta 
Larvae 
Chironomidae 4 2 
Culicidae 1 
Dytiscidae 1 
Ephemeridae 1 1 
Odonata 1 
Unidentified 1 4 
Pupae 
Chironomidae 2 1 
Mature 
Hymenoptera 1 
Number of stomachs containing food 30 46 35 
Number of stomachs empty 2 10 10 
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c 
where w weight in pounds 
L to ta L Length in inches. · 
The average C value was 29. 3 for reservoir fish and 27. 9 for river 
fish. In both areas the sauger showed an increase in condition with in-
crease in Length. No significant difference in condition was noted be-
tween sexes, and no seasonal trend was apparent. The saugers generally 
appeared to be in good condition , with most of the larger fish displaying 
an abundance of visceral fat. 
Average condition factors for sauger in Lewis and Clark Lake for 
previous years ranged from 2 7. 2 in 1948 (Sprague, 1959) to 35. 4 in 1956 
(Shields, 1957b). The 1962 average is somewhat below the unweighted 
average, 30. 7, f o r the 7 years since impoundmeht. Average condition 
factors reported for saugers in Fort Randall Reservoir ranged from 28. 7 
in 1954 (Shields, 1955) to 31.5 in 1956 (Shields, 1957b). 
Examination of condition factors did not indicate any significant dif-
ference between sexes but suggested different trends between reservoir 
and river fish. Therefore, the reservoir and river fish were separated, 
and the fish were groi:iped into inch groups ; 10 fish were randomly chosen 
from each group where possible, although fewer than 10 fish were avail-
able for some inch groups. The calculated regression equations were 
as follows; 
where W 
L 
166 reservoir sauger 
LogW = -1.921 +3.318LogL 
136 river sauger 
Log W = -2. 052 + 3.418 Log L 
weight in hundredths of pounds 
total length in inches. 
The significance te s ts with analysis of covariance must be regarded 
only as approximate, since heterogeneity of variance was indicated (Table 
3). In testing t h e hypothesis that the regression coefficients are equal, 
a nonsignificant value was obtained for the F test at the . 05 probability 
Level, although the value is significant at the .10 Level. A highly sig-
nificant F value (. 01 Level) resulted w hen the adjusted means of the two 
groups were tested. It was conclude d that the river and reservoir sauger 
do not have the same le ngth -we i g ht regr e ssion Line . This may b e an 
i~dication of separate populations or of different environmental effects, 
with populations s eparated at Least f or a time· pri or to capture. The res-
ervoir sauger were somewhat h ea v i e r fo.r their Lengths than the river 
saugers up to 16 inches in Length, and the situation was reversed with 
Larger fish. 
The regression coefficient for the res ervoir sauger, 3. 318, was sig-
nificantly greater than 3. 0 at the . 01 probability level (test described by 
Snedecor, l961, p. L25). Thus, the weight of the sau ger increases slightly 
faster than the cube of its Length, and saugers b ecome more robust as 
their Lengths increase. 
T a ble 3. Analysis of covariance and tests of significance for homogeneity of variance , regression coefficients, 
and adjusted m ·ean squares. 
Degrees Deviations from regression 
Source of of Regression Degrees ~yz -~ Mean 
variation freedom . ~x2 ~xy ~y2 coefficient of freedom ~xz square 
River 135 2.7627 9.4347 32.4367 3.418 134 .2204 .001645 
Reservoir 165 4.3910 14.5699 49.4874 3.318 164 1.1427 . 006968 
Within 298 1.3629 .004573 
Reg. Coe£. 1 .0162 .0162 
Common 300 7.1537 24.0041 81. 9241 3.380 299 1. 3791 .004612 
Adj. means .0605 .0605 
Total 301 7.1551 24.0203 81. 9572 
-
300 1. 3186 .004395 
1. Test of significance of the hypothesis that the mean squares for reservoir and river fish are the same 
(homogeneity of variance) 
F = • 006968 = 4. 236* 
.001645 
2. Test of significance of the hypothesis that the regression coefficient is the same for reservoir and river fish 
F= ~ = 3.54 
.00457 
3. Test of significance of the hypothesis that the adjusted means for reservoir and river fish are the same 
>'.<Significant at the . 05 Level. 
**Significant at the . 01 Level. 
F = . 0605 
.004612 
= 13.118>'.<* 
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AGE AND GROWTH 
To determine age and growth, scales from 531 sauger were analyzed. 
"Crossing over" of circuli in the Lateral field of the scale proved to be 
the most reliable criterion for annulus identification. There is Little 
reason to doubt the validity of the annulus as a true year mark of the 
sauger, as the data generally agree with the following arguments for 
annulus validity presented by Hile (1941); (1) increase in number of an-
nuli is generally accompanied by increase in size of a fish, (2) modes 
in the Length frequency distributions of small fish coincide with modal 
Lengths of age groups based on scale readings, (3) Lengths at the end of 
vario'J.S years of Life calculated from scale measurements agree well 
with the corresponding Lengths of younger age groups whose ages were 
determined by scale examination, and (4) there is a general agreement 
among growth histories of different age groups of the same year class 
when comparing the data of this study with those of previous studies on 
the same population (Table 8). Other evidences for validity of the scale 
analysis are the seasonal increase in growth after annulus formation 
(Table 7) and the general agreement of the abundance of year classes in 
different years of collection (Table 8), Early June appeared to be the 
time of annulus formation for mo st sauge r. 
To determine the body-scale relationship, the scale measurements 
(see Whitney and Carlander, 1956) were grouped into half-inch groups. 
Five fish were randomly selected from each group, and the mean body 
Lengths for each group were plotted against the corresponding mean 
Lengths of the anterior sea Le radii (Fig, 1). The re Lationship may be ex-
pressed as: 
where L 
R 
L = 1.428 + 2.550 (R) 
total Length in inches 
anterior scale radius X44. 
The relationship was assumed to be Linear, and a nomograph similar 
to that described by Carlander and Smith (1944) was used to back-calcu-
late the body Lengths at the various annuli, with 1. 4 inches as the inter-
cept. 
The calculated average Lenghts and increments (Tables 4 and 5) indi-
cate that sauger make their greatest growth during their first year of 
Life. This is followed by a decline in growth increments for each suc-
ceeding year of Life. Carlander (1950) found evidence of Lee's phenome-
non of apparent change of growth rate in Lake of the Woods sauger and 
suggested selective sampling and differential mortality as causes. A 
condition which appears to be the reverse of Lee's phenomenon of ap-
parent change of growth rate is observed in the calculated Lengths for the 
first annulus (Tables 4 and 5). That is, calculated Lengths for older fish 
are genera Lly Larger than for younger fish at the same annulus. 1t is 
be Lieved that the older fish did actually attain a Larger average Length at 
the first annulus than the younger fish. This is supported by the fact that 
the average calculated Lengths at the first annulus of the 1956 and 1957 
year classes in the 1962 collection closely agree with the calculated 
Lengths of 8. 7 and 9. 2 inches, respectively, at the first annuli of these 
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Figure 1. Body-scale relationship, based upon 80 saugers. 
Table 4. Mean calculated total Lengths and increments of male and fema Le saugers, Lewis and Clark Lake, 1962. H:>-~ 
0 
Year Age Number 
class _ grouE Sex of fish 1 2 3 4 5 6 
1961 I M 26 5.34 
F 39 6.26 
1960 II M 14 7.07 11. 91 
F 34 6.45 11.60 
1959 III M 11 5.82 11. 2 7 14.84 
F 10 6.52 11.46 14.58 
1958 IV M 5 7.42 13.08 17.04 18.86 () 
F 11 7.56 13.12 16.94 18.91 tJ 
1957 v M 1 8.60 11.40 18.50 19.70 20.50 :t> 
F 17 9.47 14.12 17.23 19. 25 20.75 < H 
1956 VI M 4 9.60 13.48 16.58 18.95 20.60 21.70 tJ 
F 13 8.97 13,12 16.65 18.79 20.28 21.28 < :t> 
z 
H 
() 
Average Length M 7. 31 12.23 16.74 19.17 20.55 21.70 M ~ 
F 7.48 12.55 16.42 18.87 20.35 21.28 
Number of fish M 61 35 21 10 5 4 
F 124 85 51 41 30 13 
Av. Length increment M 7.31 4.98 3.74 1. 98 1. 34 1.10 
F 7.48 4.91 3.36 2.07 1.46 1. 00 
Av. calculated weight M . 12 .48 1. 38 2.17 2. 71 3.28 
F . 12 .53 1. 30 2.06 2.63 3.05 
Av. weight increment M . 12 .39 .78 .47 .53 .53 
. F . 12 .43 . 69 .67 .57 .44 
Table 5. Mean calculated total Lengths .and increments of male and f emale saugers, Missouri River just above 
Lewis and Clark Lake, 1962. 
Year Age Number 
class grou:e Sex of fish 1 2 3 4 5 6 
1961 I M 10 7.44 
F 5 5. 65 
1960 II M 26 6.95 11. 27 ;:i:.. 
F 20 6. 72 11.10 Cl 
1'959 III M 23 5.88 11. 09 13.60 tx1 
F 23 5.66 10. 94 13 . 61 ;:i:.. z 
1958 IV M 10 6.19 10 .54 14. 18 15.93 tJ 
F 14 6.64 11.45 15.46 17.24 Cl 
1957 v M 1 8.80 13.30 17.70 19.30 19.80 ~ 
F 22 9.00 13. 44 16.80 19.38 20.53 0 ~ 
1956 VI M 0 - - - - - - 1-:3 
F 4 8.90 12.23 15.53 18.03 19.83 20 . 85 ::r: 
0 
1-xj 
6.87 13.86 16.24 
Cf) 
Average Length M 11.12 19.80 - ;:i:.. 
F 7.10 11.79 15.01 18.21 20.26 20.85 c:: Cl 
Number of fish M 70 60 34 11 1 - tx1 
F 88 83 63 40 26 4 ~ 
Av. Length increment M 6.87 4.63 2.89 1. 74 .48 
F 7.10 4.67 3.34 2.17 1. 53 1. 02 
Av. calculated weight M . 12 .33 . 71 1. 22 2.40 
F . 12 .40 .92 1. 80 2.60 2.86 
Av. weight increment M . 12 .28 .40 .40 . 19 
F . 12 . 33 .52 .63 . 61 .45 
H::o 
-.£) 
,_. 
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same year classes when they were in age group I {Shields, 1958; Sprague 
1959). A test similar to the one used by Hile {1941), on reservoir fish 
of age groups III and IV indicated that these sauger show compensatory 
growth. 
Growth rates of the sauger may vary with age, sex, year class and 
Location {river or reservoir), plus many other variab Les. A multiple 
regression analysis to evaluate the effect of these factors on sauger 
growth was accomplished with the use of an IBM 7074 computer at the 
Iowa State University Statistical Laboratory. 
The relationship of these variables to sauger body Lengths, based on 
254 fish, was expressed by the following equation: 
where Y predicted total Length in inches 
a 1. 652 
b 1 partial regression coefficients {see Table 6). 
The X coefficients re pre sen ting the independent variab Les were obtained 
from a tab Le of orthogonal polynomial coefficients . The coefficients bl> 
b 2 , b 3 , b 4 , b6 and b 7 were retained in the model since they explained a 
significant portion of the total variation. 
The regression analysis indicated a significant difference in over-all 
growth between the two Locations as well as interaction between age and 
location, thus revealing different growth rates of fish from the two areas 
{Fig. 2). The predicted growth curves for age and Location effect show 
similar response for the earlier years but a faster growth rate for res-
servoir fish in Later years. Growth difference between sexes was barely 
significant at the . 05 Level. A significant interaction between sex and 
age occurred, suggesting a different growth response between sexes for 
each age group {Fig. 3). These growth curves also show a marked de-
cline in growth rate between the third and fourth years of Life, a decline 
which may be related to the onset of sexual maturity. 
Growth in weight was estimated for each annulus (Tables 4 and 5) by 
substituting the average lengths into the Length-weight equations for 
reservoir and river fish. While increments in length decrease as the 
sauger grows older, increments in weight increase up through the third 
year for reservoir fish and up through the fourth year for river fish, 
and then show a decrease. 
Seasonal growth of age group 0 sauger is shown in Length-frequency 
analyses {Fig. 4) at 2-week intervals of all sauger measuring Less than 
11 inches in total Length, including both reservoir and river sauger. The 
fish were grouped into 0. 5 inch Length groups for graphing purposes. 
The only age groups included in this range, with a few possible excep-
tions, are 0 and I. 
The fi r st young-of-the-year sauger was taken on June 25 by seine. 
This age group displayed steady growth throughout the summer and, by 
mid-October, had reached an average Length of approximately 8 inches. 
This indicates well-above-average growth for this age group, since the 
average calculated l ength at the first annulus is only 6. 3 inches for all 
sauger. Year Ling sauger, which constituted nearly all of the catch of 
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Table 6. Values and definitions of partial regression coefficients of the 
multiple regression equation. 
Partial 
Regression 
Coefficient Va Lue 
hs 
L . 1816 
Q .0145 
c .0249 
Q .0387 
Q -.8007 
- - - - -
L . 1653 
L .0291 
Q .0038 
c .0003 
Q .0224 
Q .0022 
L .0553 
L -.0007 
L - . 0205 
Q -.0112 
c -. 0069 
Q -. 0254 
Q • 2507 
L . 0605 
Q .0433 
c . 01 73 
Q • 0359 
Q -. 7600 
L . 0035 
Q . 0092 
c -.0064 
Q .0029 
Q 
.0193 
Definition 
Regression of total Length on age (X1), with 
the remaining variables he Ld constant 
Regression of total Length on Location (X 2), 
with the remaining variables held constant 
Regression of total length on year class (X 3), 
with the remaining variables yeld constant 
Regression of total length on sex (X4 ), with 
the remaining variab Les held constant 
Regression of total length on interaction 
effect of sex and location (X5 ), with the 
remaining variables held constant 
Regression of total length on in.teraction 
effect of sex and age (X6), with the remaining 
variables held constant 
Regression of total Length on interaction 
effect of age and Location (X7 ), with the 
remaining variables held constant 
Regression of total Length on interaction 
effect of Location and year class (X 8), with 
the remaining variables held constant 
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Figure 2. Growth response at various ages in Lewis and Clark Lake 
and in the Missouri River just upstream. 
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Figure 3. Growth response of male and of female saugers in Lewis and 
Clark Lake and the Missouri River. 
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YOUNG-OF-TH E-YEAR AND YEARLING SAU GERS 
LEWIS AND CLARK LAKE, 1962 
MAY 20 -
5[ 1 
-
JUNE 2 
-'~f I JUNE 3 -, JUNE 16 
--
- -'~f JUNE 17-0 I JUNE 30 
- - -l~f JULY I -0 I JULY 14 
• - - - -0 JULY 15-z 10 
UJ 5 JULY 28 ~ 
er 
~ 20 
15 JULY 29-J: 
CJ) 10 AUGUST II 
~ 5 
~ AUGUST 12-0 10 
5 AUGUST 25 
0:: 
UJ 
CD 30 
~ 25 AUGUST 26-
:::> 20 SEPTEMBER z 
15 
10 
5 
~f 0 SEPTEMBER 9 
" 
, I I SEPTEMBER : 
-
l~t 0 SEPTEMBER 2 OCTOBER 6 
-
-'~f 0 OCTOBER 7-II OCTOBER 21 I I I I I I I 
-
I ...... 
I 2 3 4 5 6 7 8 9 10 II 
· TOTAL LENGTH IN INCHES 
Figure 4. Length frequencies of young saugers by two-week intervals, 
1962. 
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Table 7. Percentage of average annual growth completed at time of capture in 1962 for Lewis and Clark Lake 
'° O' 
and Missouri River sauger {numbers of specimens in parentheses). 
Age Averagea May June June July July August August September October 
grouE increment 3-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 1-15 
0 6. 34 - - 27% 34% 63% 88% 98% 11 7% 133% 
( 1) ( 5) ( 5) {15) (12) ( 18) ( 4) 
I 4.78 13% 4% 13% - 46% 57% 7 6% 109% 143% 
( 5) (12) {14) 
-
(28) (24) (23) (1 0) (15) 
() 
II 3.30 0% 15% 18% 45% 52% 45% 61% 70% 120% ti 
( 2) ( 16) ( 15) ( 7) (10) (29) {14) ( 8) {13) ~ 
<! 
H 
III 2.01 0% 20% 25% 45% 65% 45% 55% 85% 90% ti 
( 1) ( 11) ( 7) ( 9) ( 8) (1 2) (12) ( 7) ( 6) <! ~ 
z 
IV 1. 45 - 21% 28% 41% 55% 48% 55% 97% 76% 
H 
() 
( 5) ( 5) ( 6) ( 5) ( 4) ( 4) ( 2) ( 8) M ~ 
v - 22% 39% 52% 9 3% - 52% 83% 72% 
( 4) ( 7) ( 4) ( 5) - ( 4) ( 1) ( 3) 
a 
From T a bles 4 and 5. 
Table 8. Annual increments in total Length {inches} of various year classes of Lewis and Clark Lake sauger. 
Unweighted 
Year of Life 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 mean 
6 1. 7 1. 5 1. 6 
5 0.1 2. 1 1. 9 2.0 2.4 1. 7 
~ 
4 1. 9 3.5 4.4 2.4 2.4 2.6 2.7 2.8 
() 
M 
~ 
3 3.2 3.5 5.0 3. 3 3. 3 3.5 3.8 3. 5 3.6 z 
tJ 
2 5.7 6.5 5.4 4.6 4.4 4.2 5.5 4.9 5.2 5.2 () 
:::0 
0 
7.8 6.2 6.8 8.0 7.8 7.9 6.9 6. 3 6.5 6.3 7.0 ~ 
t--3 
::r:: 
1956 
0 
Number 3 11 11 ~ 
of fish (/) 
taken 1957 1 5 8 2 48 ~ c::: 
in year () 
1958 2 1 8 54 9 M :::0 
1960 6 68 29 6 
1961 6 31 20 15 10 4 
1962 17 18 16 21 54 ~ 
-- -- -- --
Total 4 18 20 22 218 76 37 31 58 169 ~ 
'° Data prior to 1962 from Shields 1957b, 1958; Sprague 1959; and Nelson 1961, 1963. 
-.J 
Table 9; Comparison of average calculated total lengths of Lewis and Clark Lake sauger with sauger from 
other areas. 
Area 
Lewis and Clark Lake, 
1962 
Fort Randall Reservoira 
Oahe Reservoirb 
Norris Reservoir 
(Hassler, 1957) 
Lake of the Woodsc 
(Carlander, 1950) 
Lake Erice 
(Deason, 1933) 
Lake Winnipegd 
{Kennedy, 1949) 
Number 
of fish 
479 
488 
357 
3, 393 
883 
905 
1,039 
2 3 
6 3 12.3 16. 3 
5. 6 12.4 16.4 
6.2 11. 2 14.7 
8.4 13. 3 15.6 
5.0 7.3 9.3 
3.9 7.9 10.4 
10.0 
4 5 6 7 8 
19.0 20.5 21. 2 
19. l 21. 0 22.7 
16.9 18.7 19. 1 
l 7. 2 18.6 19.6 20. 3 
10.9 12 . 3 13.3 14.3 14. 1 
12. 2 13.6 15.8 
12. l 13.3 14.3 15.0 15.8 
aAverage Lengths compiled from data of Shields (1955, 1956, l 957a), and Sprague (1961) 
b Average Lengths compiled from data of Fogle (l 96la, 196 lb). 
cTotal Lengths derived from standard Lengths, using Carlander's conversion factors (1950). 
9 10 
15.2 15. 1 
16. 5 18.0 
dTotal lengths derived f.rom fork Lengths (at time of capture), using Carlander's conversion factors (1950). 
,j:>. 
'° (};) 
(') 
~ 
< H 
tl 
< ~ 
z 
H 
(') 
trJ 
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this size range in May and June, gradually passed the 11-inch Limit as 
the summer progressed. 
To illustrate seasonal growth of all age groups, the collection period 
was divided into nine intervals (Table 7). The amount of yearly growth 
was estimated by dividing the increment completed at the time of cap-
ture by the average calculated increment computed for that year of Life. 
Young, yearling, and two-year-old sauger show faster-than-average 
growth; fish of these age groups attained over 100% of their average 
yearly increment by mid-October. Sauger from age groups III, IV, and 
V had not fully attained their expected increments by the end of the col-
lection period. These estimates must be regarded as only approximate 
since the 1962 increments may not be the same as the average incre-
ments computed from the other years. 
Sauger growth data from the L962 collection period and from previous 
years on Lewis and Clark Lake (Shields, 1957b, 1958; Sprague, 1959; and 
Nelson, 1961, 1963) were compiled in Table 8 so that yearly fluc tuations 
in growth rates and abundance could be studied. In most age groups, 
growth is below average in L958 through L951. In all year classes except 
1959 there was an inverse relationship between growth in the first year 
of Life and growth for the remaining years of Life. The 1956 year class, 
which was produced the first year of impoundment, appears to be par-
ticularly abundant since, as it is the Largest year class in 4 out of 5 
calendar years in which it appeared in the catch. The 1957 year class 
was also fairly Large, but small year classes are indicated for 1958 and 
1959. The Large number of yearling sauger taken in 1962 suggests an 
abundant 1961 year class, but a valid comparison between numbers of 
fish taken in 1962 with previous years cannot be made, since sampling 
was much more intensive for sma LL sauger in 1962. 
Lewis and Clark sauger grow considerably faster than sauger from 
Lake of the Woods, Lake Erie, and Lake Winnipeg (Table 9). Norris 
Reservoir sauger attain a greater length than Lewis and Clark sauger 
during the first 2 years of life, but, after the second year, Lewis and 
Clark sauger reach greater Lengths at corresponding annuli. While no 
sauger older than age VI were found in Lewis and Clark Lake, age VII 
sauger were found in Norris reservoir and age X sauger were found in 
Lake of the Woods and in Lake Winnipeg. 
SEX RATIO 
Sex was determined for 343 of the 953 sauger taken during the collec-
tion period. Most unsexed fish were from age groups 0 and I, since 
distinguishing between sexes of these small fish is very difficult under 
field conditions. Of the sexed fish, 212, or 62%, were females. To de-
termine if there was significant difference in number between sexes, the 
males and females were arranged in age groups, and a chi-square test 
{described by Snedecor, 1961, p. 212) was carried out (Table 10). Sig-
nificant chi-square values were obtained for age groups V and VI and for 
the pooled data of all year classes, where all year classes were treated 
as a single large sample. The difference between these two chi-square 
values, a measure of heterogeneity or inconsistency, was insignificant 
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Table 10. Sauger sex ratios by age groups, with numbers expected 
under the 1 :1 hypothesis and values of chi-square. 
Age 
group 
I 
II 
III 
IV 
v 
VI 
Total 
Pooled 
Males Females 
36 44 
40 54 
34 33 
15 25 
2 39 
__ 4 
-11. 
131 212 
chi-square ~131-212~ 2 
(131+212) 
Sum of 6 chi-squares 
Pooled chi-square 
Heterogeneity 
* Significant at .05. 
** Significant at .01. 
Expected 
number of 
each sex 
40.0 
47.0 
33.5 
20.0 
20.5 
_lQd 
171.5 
6561 = 19.128** 
343 
Degrees of 
freedom 
6 
_l 
5 
Chi-square 
.80 
2.08 
.01 
2.50 
16.70** 
5.36* 
27.45** 
Chi-square 
27.45 
19.128 
8.322 
at the • 05 Level. The data also indicate a trend of decreasing relative 
abundance of mates as age increases, at least after the third year of 
life. 
Cartander (1950) found 66% of 1, 561 Lake of the Woods sauger to be 
females. Hassler (1958) found the sexes in Norris Reservoir to be 
equally abundant during their first two years of life, but the females 
were significantly more abundant in age groups III through VI. 
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